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Bicyclic Fibrinogen Antagonists 

5 

Field of the Invention 

This invention relates to novel bicyclic compounds which inhibit platelet 
aggregation, pharmaceutical compositions containing the compounds and methods of 
10 using the compounds. 

BackpiDund of the Invention 

Platelet aggregation is believed to be mediated primarily through the fibrinogen 
15 receptor, or GPIIb-IIIa platelet receptor complex, which is a member of a family of 
adhesion receptors referred to as integrins. It has been found that frequently the natural 
ligands of integrin receptors are proteins which contain an Arg-Gly-Asp sequence. Von . 
Willebrand factor and fibrinogen, which are considered to be natural ligands for the 
GPIIb-IIIa receptor, possess an Arg-Gly-Asp (RGD in single letter amino acid code) 
20 sequence in their primary structure. Functionally, these proteins are able to bind and 
crosslink GPIIb-IIIa receptors on adjacent platelets and thereby effect aggregation of 
platelets. 

Fibronecun, vitronectin and thrombospondin are RGD-containing proteins which 
have also been demonstrated to bind to GPIIb-IIIa. Fibronectin is found in plasma and as 
25 a structural protein in the inu^cellular matrix. Binding between the structural proteins 
and GPIIb-ina may function to cause platelets to adhere to damaged vessel walls. 

Linear and cyclic peptides which bind to vitronectin and contain an RGD 
sequence are disclosed in WO 89/05150 (PCT US88/04403). EP 0 275 748 discloses 
linear tetra- to hexapeptides and cyclic hexa- to octapeptides which bind to the GPIIb-IIIa 
30 receptor and inhibit platelet aggregation. Other linear and cyclic peptides, the disclosure 
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of which are incorporated herein by refoence, are reported in EP-A 0 341 915. However, 
the peptide li^ce structures of such inhibiton often pose, problems, such as in drug 
delivery, metabolic stabUity and selectivity. Inhibitors of the fibrinogen receptor which 
are not constructed of natural amino acid sequences are disclosed in EP-A 0 372,486, EP- 
5 A 0 381 033 and EP-A 0 478 363. WO 92/07568 (PCT/US9 1/08 166) discloses ' 
fibrinogen receptor antagonists which mimic a conformational y-tura in the ROD 
sequence by forming a monocyclic seven-membered ring structure. There remains a 
need, however, for novel fibrinogen receptor antagonists (e.g. inhibitors of dae GPIIb-IHa 
protein) which have potent in vivo and in vitro effects and lack the peptide backbone 

10 structure of amino acid sequences. 

The present invendon discloses novel bicyclic compounds including benzazepines 
and benzodiazepines, which arc inhibitors of the GPHb-nia receptor and inhibit platelet 
aggregation. Ctertain 5-phenyl-l,4-benzodiazepines arc known as a class of drugs which 
affect the central nervous system, and have been used as anxiolytics. See Stembach, 

15 L.H., /. Med. Chem.. 22, 2 (1979). It has also been disclosed that certain 5-phenyl-l,4. 
benzodiazepmes antagonize the effects of cholecystokLnin. See Friedinger, Med. Res. 
Rev., 9, 271 (1989). Certain bicyclic compounds which have fibrinogen antagonist 

activity are disclosed in WO 93/08174 (PCT/US92/08788) and WO 93/00095 
(PCT/US/92/05463). 



20 



Summary of the InvRnrini) 



In one aspect this invention is a bicyclic compound comprising a substituted six- 
membercd ring fused to a substituted seven-membered ring as described hereinafter in 
25 formula Q). 

This invendon is also a pharmaceutical composition for inhibiting platelet 
aggregation or clot formation, which comprises a compound of formula (I) and a 
pharmaceutically acceptable carrier. 

This invention further comprises the use of a compound of formula (I) in the 
30 manufacture of a medicament for inhibiting platelet aggregation. 

In anotiier aspect, tiiis invention provides a metiiod for inhibiting reocclusion of 
an artery or vein in a mammal following fibrinolytic therapy, which comprises internally 
administering an effective amount of a fibrinolytic agent and a compound of formula (I). 
This invention is also a method for treating stroke, transient ischemia attacks, or 
35 myocardialinfarction. 
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Detailed Description of the Inventini^ 

This invention discloses novel bicyclic compounds which inhibit platelet 
aggregation. The novel bicyclic compounds comprise a seven-membered ring fused to an 
5 aromatic six membered ring and having a nitrogen-containing substituent on the six 
membered ring and an aliphatic substituent, preferably containing an acidic moiety, on 
the seven membered ring. The fused 6-7 ring system is believed to interact favorably 
with the GPIIb-IIIa receptor and to orient the substituent sidechains on the six and seven 
membered rings so that they may also interact favorably with the receptor. 
10 Although not intending to be bound to any specific mechanism of action, these 

cbmpouhds are believed to inhibit the binding of fibrinogen to the platelet-bound 
fibrinogen receptor GPIIb-IIIa, and may interact with other adhesion proteins via 
antagonism of a putative RGD binding site. 

The compounds of this invention are compounds of formula (I): 

15 . 

d5 




(I) 



wherein 

20 AlisO.S,N-RlorCHRl; 
A4isN-R^orCHR4; 

R2 is R7 or Q-Ci^alkyl, Q-C2^alkcnyl or Q-C2^alkynyl substituted by R'^; 
Ri, R4 and R^ are H. Q-Ci.galkyl, Q-Ci.goxoalkyl, Q-C2.6aMcenyl, 
Q-C3.40xoalkenyU Q-C3.40xoalkynyl, Q-C2.4alkynyl, Cs-scycloalkyl. Ar or Het, 
25 optionally substituted by one or more of R^ ^; 

Q is H. C3.5cycloalkyl, Het or At; 

R6 is W.(CR'2)q-Z.(CR*RlO)r-U-(CR2)s-V-; 

R7 is -C0R8. •C0CR'2R^, -C(S)R8, -S(0)mOR', -S(0)mNR*R", -PO(OR'), 
-PO(OR02. -B(0R')2, -NO2 and Tet; 
30 R8 is -0R\ -NR'R", -NR'S02R. -NR'OR*. -OCR 2C(0)0R. .0CR*20C(0)-R^ 

-OCR 2C(0)NR'2» CF3 or A A; 

R9 is -OR. -CN, -S(0)rR\ S(0)n,NR^2. -C(0)R C(0)NR*2 or .C02R'; 

RlO is H, Ciutalkyl or -NR'R"; 
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R" is H. halo. -OR12, -CN. -NR'Rl2 .NO2. -CF3, CF^SiO),., -CO2R', -CONR'z, 
Q-Co-ealkyl-. Q-Ci^oxoalkyl-. Q-C2^alkenyl-, Q-C2.6alkynyl-, Q-Co.6alkyloxy-, 
Q-Co-ealkylamino- or Q-Co.6alkyl-S(0)r.; 

Rl2 is R', -C(0)R', -C(0)NR'2. -C(0)0R15, -S(0)n^' or S(0)n,NR'2: 
5 RJ5isH,Ci^alkylorAr-C(Malkyl; 

R' is H, Ci.6alkyl, C3.7cycloaIkyl-Co-4alkyl or Ar-C(Mallcyl; 

R" is R*. -C(0)R' or -C(0)0Rl5; 

R'"isR" orAA2; 

AAl is an amino acid attached through its amino group and having its carboxyl 
1 0 group optionally protected, and AA2 is an amino acid attached through its carboxyl 
group, and having its amino group optionally protected; 

U and V are absent or CO, CR'2, C(=CR'2), S(0)n, O, NR', CR'OR', 
CR'(0R")CR'2, CR'2CRX0R"). C(0)CR'2, CR'2C(0), CONR', NR'CO. OC(0), C(0)0, 
C(S)0, OC(S). C(S)NR*. NR'C(S), S(0)nNR', NR'S(0)„, N=N, NR'NR, NR'CR'z, 
15 CRSNR', CR'20, OCR'2, CSC or CR*=CR', provided diat U and V are not 
simultaneously absent; 

WisR-R-'N-orC^; 

Zis(CH2)tOrHet; 

m is 1 or 2; 
20 nisOto,3; 

qisOto3; 

ris0to2; 

s is 0 to 2; and 

t is 0 to 2; or 
25 phaimaceutically acceptable salts thereof. 

In another embodiment, this invention is a compound of formula (II): 




(H) 

wherein Rl, r2, r4, r5 and R» are as defined in for formula (I) and r6 is W-(CR'2Xj-Z- 
30 (CR'RlOVU-(CR'2)s-V-, where U. V and R' arc as defmed for formula (1), RlO is H, 

CMallcyl or -NR'R", W is R'aN, H2NC(=NH), H2NC(=NH)NH or ; and Z is Ar, 
C3.7cycloalkyl, (CH2)t or Het. In particular, compounds of formula (ID where Rl is H, 
CMalkyl or C(0)R*; R2 is CH2CO2H or CH2CH2CO2H. R^ is H, Ci^alkyl, 
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5 



10 



Cs-ecycloalkylCcMalkyl or Ar-Co4alkyl; and Z is phenyl, a six-membered Het or (.CHih 
are suitable. 

In yet another embodiment of this invention, compounds of formula (HI) are 
provided 




Oil) 

wherein R2, r5 and are as defined for formula G). and R<S is or 

^^AC»2h-^ ^^(CH2)2-U R^?/^(CH2)2-U 



or 



, wherein E is N or CH. R20 is hydrogen, amino, mono or di-Ci. 
4alkylamino, hydroxy or Ci^alkyl, and U is NR'CO, CONR', (CH2)CO, CH=CH or 
CSC. 

Also included in this invention are pharmaceutically acceptable addition salts, 
15 complexes or prodrugs of the compounds of this invention. Prodrugs are considered to be 
any covalendy bonded carriers which release the active parent drug according to formula 
(I) in vivo. 

In cases wherein the compounds of diis invention may have one or more chiral 

centers, unless specified, this invention includes each unique nonracemic compound 

20 which may be synthesized and resolved by conventional techniques. In cases in which 

compounds have unsaturated carbon-carbon double bonds, both the cis (Z) and trans (E) 

isomers arc within the scope of tiiis invention. In cases wherein compounds may exist in 

O OR' 

tautomeric forms, such as keto-enol tautomers, such as — and ---'^ , and 

NR' NR'2 

X X 
tautomen of guanidine-type groups, such as R"R'N NR'-X- and R-R*N^N-X-, each 

25 tautomeric form is contemplated as being included within tiiis invention whetiier existing 

in equilibrium or locked in one form by appropriate substitution with R'. The meaning of 

any substituent at any one occurrence is independent of its meaning, or any otiier 

substituent's meaning, at any otiier occurrence, unless specified otherwise. 
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Suitably R8 is -OR', -0CR'2C(0)0R, -OCR'2C(0)NR'2 or 0CR'20C(0)-R'. 
preferably -OR'. 

Suitably R5, RlO and R^ are H. 

Suitably (CR'RlO)r-U-(CR'2)s-V is (CR'RiO)r-U- or -U-(CR'2)s. 
5 Suitably U is CO, CONR' or NR'CO. 

Preferably, (CR'RlO)r-U-(CR'2)s-V is (ai2)o-2NR'CO. (CH2)o.2CONR', (CH2)o- 
2CO, (CH2)o-2CH=CH. (CH2)o.2C=C , (CH2)i.30. or (CH2)i.5. More preferably, 
(CR'RlOVU-(CR'2)s-V is (CH2)o.2NR'CO or (CH2)o.2CONR', where R' is H or methyl. 

Preferably W is 

10 Preferably, Z is piperidinyl, piperazinyl or (CH2)t. Suitably t is 1 or 2. 

Particular examples of R^ are: 

^g^(CH2)2-U ^<^(CH2)rU' R!^^^(CH2)2-U 



15 



20 



25 




N 



or 



XO 



V-/ , and R"HN-(CH2)5-U wherein E is N or CH , R20 is hydrogen, amino, 

mono or di-Ci^alkylamino, hydroxy or Cj^alkyl, and U is NR'CO, CONR', (CH2)C0, 
CH=CH, CSC , CH2O, OCH2 and (CH2)2. 

Preferred illustrative examples of are: 



{CH2)2NR'C0 ^^'V^^\;,x''s;^ R2°>^^-.;j^(CH2)2NR'CO 
[OH^mOQ ^^s^(CH2)2NR'CO ^(CHgjaCsC 




I I I ■ I 1^ 



, or 
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wherein R' and R" are H or Cj^alkyl. Preferably R* is methyl and 

R" is H. 

In a preferred embodiment, is NR^ and is NR'. 
In another preferred embodiment, A^ is CHR^, and A^ is NR'. 
5 Preferably, R2 is CH2-R'^- More preferably. R^ is CH2C02R\ particularly 

CH2CO2H. 

Preferably, R^ and R"* are H, Cj^alkyl, Ar-Cj^alkyl or C3,5cycloalkyl-Ci^alkyl. 
Suitably R^ is H or methyl and R^ is H, methyl, cyclohexylethyl or phenylethyl. 

In a more specific preferred embodiment, A^ is NR" or CH2, where R" is H, 
10 Ci^alkyl or C(0)R'; R2 is CH2CO2H; A^ is NR4; R4 is Ci^alkyl, 

Ca^cycloalkylCo^alkyl or Ar-Co^alkyl; Z is a six-membered Het or (CH2)t; W is R 2N, 

or 

0 

; (CRRlOVU-(CR^2)s-V is (CR'RlO)r-U- or -U-(CR'2)s. {e.g.. V is absent and one 
of s and r arc 0) wherein U is NR'CO, CONR, CR=CR\ C=C , O, CO or CH2. Suitably, 
(CR'RlOVU-(CR2)s-V is (CH2)o.3NRCO, (CH2)o-3CONR\ where R* is H or methyl, or 
15 (CH2)o.30. Preferably R' is methyl. 

Specific embodiments of this invention, including useful intermediates and 
prodrugs, are described in Examples 1-88 inclusive. 

In the above description of formula (I), W represents a nitrogen-containing group 
which is capable of maidng a hydrogen bond Preferably W is a basic nitrogen moiety. 
20 R'^ represents a group with a non-bonding pair of electrons which is capable of forming a 
hydrogen bond or chelating with a metal cation. Preferably R"^ is acidic. It is also 
preferred that 10-15 (most preferably about 13) intervening covalent bonds via the 
shortest intramolecular path will exist between the group R^ and a terminal basic nitrogen 
moiety of W for optimal spacing between these groups, and the moieties T, U, V and Z, 
25 and the alkyl spacers represented by q, r, s are chosen accordingly. For instance, by way 
of illustration, but not limitation, when one of R^ or R^ is (CH2)2C02H, or preferably 
CH2CO2H, and R^ is a substituent in the 7- or 8-position of the benzodiazepine ring 
system and is W-(CR'2)q-Z-(CR*R^0)r-U- {e.g., s is 0 and V is absent), then: when W is 

N 



0 



(preferably a 4-substituted six-membered nitrogen heterocycle), and Z is (CH2)t. 
30 and U is chosen from NR'CO, CONR\ CH2O,. OCH2, CH2CH2, CR*=CR or Csc . 

Cgroup r), suitably q+t+r is 1-3 and preferably q+t+r is 1; when W is 

0 

and Z is a 

six-membered Ar or Het ring (preferably 1,4-disubstituted), and U is O, CH2 or CO, q 
and r are preferably 0; when W is H2N- and Z is (CH2)t, and U is chosen from group 1 
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above, q+r+t is 4-6, preferably 5; when W is H2N- and Z is a six-membered Ar or Het 
ring, suitably q+t is 0-2. preferably 1. 

Abbreviations and symbols commonly used in the peptide and chemical arts are 
used herein to describe the compounds of this invention. In general, the amino acid 
5 abbreviations follow the lUPAC-IUB Joint Commission on Biochemical Nomenclature 
as described in Eur. J. Biochem., 158, 9 (1984). 

Arg refers 10 arginine, MeArg refers to Nct-methyl-arginine, HArg refers to 
homoarginine, NArg refers to norarginine, (Me2) Arg refers to N',N"-dimethyl arginine, 
(Et2)Arg refers to N',N"-diedjyl arginine and Om refers to ornithine. These radicals are 

10 suitable components of the substituent R^. N^-Subsdtuted derivadves of these amino acid 
are also useful in this invenuon. Representadve methods for preparing a-subsdtuted 
derivatives are disclosed in U.S. Patent No. 4,687,758; Cheung et aL, Can. /. Chem., 55, 
906 (1977); Freidinger et al, 7. Org. Chem., 48, 77, (1982); and Shuman ei ai, PEPTIDES: 
PROCEEDINGS OF THE 7TH AMERICAN PEPnDE SYMPOSIUM. Rich, D., Gross, E., Eds, 

15 Pierce Chemical Co., Rockford, DL,617 (1981), which are incorporated herein by 
reference. 

Ci^alkyl as applied herein is meant to include methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl and t-butyl. Ci.5alkyl additionally includes pentyl, n-pentyl, isopentyl, 
neopentyl and hexyl and the simple aliphatic isomers thereof. Co^alkyl and Co^^^Hkyl 
20 additionally indicates that no alkyl group need be present (e.g.^ that a covalent bond is 
present). 

C2^alkenyl as applied herein means an alkyl group of 2 to 6 carbons wherein a 
carbon-carbon single bond is replaced by a carbon-carbon double bond C2..6^^"y^ 
includes ethylene, 1-propene, 2-propene, 1-butene, 2-butene, isobutene and the several 
25 isomeric pentenes and hcxenes. Both cis and trans isomers arc included, 

C2.6 alkynyl means an alkyl group of 2 to 6 carbons wherein one carbon-carbon 
single bond is replaced by a carbon-carbon triple bond. alkynyl includes acetylene, 

1- propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyne and the simple isomers of pcntyne 
andhexyne. 

30 Cmoxoalkyl refers to an alkyl group of up to four carbons wherein a CH2 group 

is replaced by a C(0), or carbonyl, group. Substituted formyl, acetyl. 1-propanal, 2- 
propanone, 3-propanaI, 2-butanone, 3-butanone, 1- and 4-butanal groups are 
representative. Ci^oxoalkyl includes additionally the higher analogues and isomers of 
five and six carbons substituted by a carbonyl group. Cs^oxoalkenyl and 

35 C3.60xoalkynyl refers to a C3.5alkenyl or C3.6alkynyl group wherein a group is 
replaced by C(0) group. C3^oxoalkenyl includes l-oxo-2-propenyl, 3-oxo-l-propenyl, 

2- oxo-3-butenyl and the like. 



wo 94/14776 PCT/US93/U436 



A substituent on a C^galkyl. C2.6alkenyl. C2.6alkynyl or Ci.60xoalkyl group, 
such as may be on any carbon atom which results in a stable structure, and is 
available by conventional synthetic techniques. 

Q-C1.5 alkyl refers to a Ci^ alkyl group wherein in any position a carbon- 
5 hydrogen bond is replaced by a carbon-Q bond Q-C2.6 alkenyl and Q-C2^ alkynyl have 
a similar menaing with respect to C2-6 alJcenyl and C2.6 alkynyl. 

Ar, or aryl, as applied herein, means phenyl or naphthyl, or phenyl or naphthyl 
substituted by one to three moieties R^^. In particular, R^l may be C^alkyl, Q^alkoxy, 
Ci^alkthio, trifluoroalkyU OH, F, CI, Br or L 
10 Het, or heterocycle, indicates an optionally substituted five or six membered 

monocyclic ring, or a nine or ten-membered bicyclic ring containing one to three 
heteroatoms chosen from the group of nitrogen, oxygen and sulfur, which are stable and 
available by conventional chemical synthesis. Ulustrative heterocycles are benzofuryl, 
benzimidazole, benzopyran, benzothiophene, furan, imidazole, indoline, morpholine, 
15 piperidine, piperazine, pyrrole, pyrrolidine, tetrahydropyridine, pyridine, thiazole, 

thiophene, quinoline, isoquinolinc, and tetra- and perhydro- quinolinc and isoquinoline. 
A sue membered ring heterocycle containing one or two nitrogens, such as piperidine, 
piperazine, tetrahydropyridine and pyridine, are preferred heterocycles for the moiety Z. 
Any accessible conibination of up to three substituents, such as chosen from R^l, on the 
20 Het ring that is available by chemical synthesis and is stable is within the scope of this 
invention. A six membered monocyclic ring heterocycle containing one or tvvo 
nitrogens, such as piperidine, piperazine, tetrahydropyridine and pyridine, are preferred 
heterocycles for the moiety Z. 

C3.7Cycloalkyl refers to an optionally substituted carbocyclio system of three to 
25 seven carbon atoms, which may contain up to two unsaturated carbon-carbon bonds. 
Typical of C3.7cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, 
cyclohexyl, cyclohexenyl and cycloheptyl. Any combination of up to three substituents, 
such as chosen from R^l, on the cycloalkyi ring that is available by conventional 
chemical syntiiesis and is stable, is within the scope of this invention. 

(7) 

as used herein indicates a nitrogen heterocycle, which may be a saturated or 
unsaturated stable five-, six- or seven-membered monocyclic ring, or a seven- to ten- 
membered bicyclic ring containing up to three nitrogen atoms or containing one nitrogen 
atom and a heteroatom chosen from oxygen and sulfur, and which may be substituted on 
any atom that results in a stable structure. The nitrogen atom in such ring may be 
35 substituted so as to result in a quaternary nitrogen. The nitrogen heterocycle may be 
substituted in any stable position by R20, for instance H, Ci^alkoxy, F, CI, Br, I, NO2, 
NR'2, OH, C02R\ CONHR\ CF3, Q-Co^alkyl, Q-CMalkyl-S(0)u (e.g., where u is 0. 1 
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or 2) or Ci^ajkyl substituted by any of the aforemendoned susdtuents. Represeniadve of 

(h) 

V-X are pyrroline. pyrrolidine, imidazole, imidazoline, imidazolidine, pyrazole, 
pyrazolinc, pyrazolidine, piperidinc, piperazine, morpholine, pyridine, pyridinium, 
tetrahydropyridine, tetrahydro- and hexahydro-azcpine, quinuclidine, quinuclidinium, 
5 quinoline, isoquinoline, and tetra- and perhydro-quinoline and isoquinoline. In particular, 

(V) 

may be pyridyl, pyrolidinyl, piperidinyl, piperazinyl, azetidinyl, quinuclidinyl or 

tclrahydropyridinyl. \^ is preferably 4-pyridyl, 4-(2-amino-pyridyl), 4- 

tetrahydropyridyl, 4-piperidinyl or 4-piperazinyl. 

AAl as referred to herein is an amino acid with its carboxyl group optionally 
10 protected, wherein the amino acid may be any of the natural a-amino acids or 

penicillamine. The unprotected carboxyl group is a free carboxylic acid group. 

Protecting groups for the carboxyl are esters or amides which are formed, for instance, 

when die OH of the carboxy group is replaced by R8. AA2 is an amino acid, as above, 

with its amino group optionally protected. Amino protecting groups are well known in 
15 the art, for instance, when die amino group is substituted by Rl2, An unprotected amino 

group is a free NH2 group. 

C(0) indicates a carbon doubly bonded to oxygen (c.^., carbonyl), C(S) indicates 
a carbon doubly bonded to sulfur {e.g., diiocarbonyl). 

t-Bu refers to the tertiary butyl radical, Boc refers to the t-butyloxycarbonyl 

20 radical, Fmoc refers to the fluorenylmetiioxycarbonyl radical, Ph refers to the phenyl 
radical, Cbz refers to die benzyloxycarbonyl radical, BrZ refers to the 
o-bromobenzyloxycarbonyl radical, CIZ refers to die o-chlorobenzyloxycarbonyl radical, 
Bzl refers to die benzyl radical. 4-MB2I refers to die 4-mediyl benzyl radical. Me rx?fers 
to mediyl. Et refers to ediyl, Ac refers to acetyl, Alk refers to Ci.4alkyl, Nph refers to 1- 

25 or 2-naphtiiyl and cHex refers to cyclohexyl. Tet refers to 5-tetrazolyl. 
DCC refers to dicyclohexylcarbodiimide, DMAP refers to 
dimethylaminopyridine, DIEA refers to diisopropylediyl amine, EDC refers to N-ediyl- 
N'(dimediylaminopropyl>carbodiimide.HOBt refers to 1 -hydroxy benzotriazole,THF 
refers to letrahydrofuran, DEEA refers to diisopropylethylamine, DMF refers to dimethyl 

30 formamide, NBS refers to N-bromo-succinimide, Pd/C refers to a palladium on carbon 
catalyst, PPA refers to l-propanephosphonic acid cyclic anhydride, DPPA refers to 
diphenylphosphoryl azide, BOP refers to benzoiriazol-l-yloxy- 
tris(dimethylamino)phosphonium hexafluorophosphate, HF refers to hydrofluoric acid,, 
TEA refers to triediylamine, TFA refers to trifluoroacetic acid, PCC refers to pyridinium 

35 chlorochromate. 
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The compounds of fonnula Q) are generally prepared by reacting a compound of 
die formula (XI) with a compound of the fonnula (XII): 




(XI) (XII) 
wherein Al. A4. U. V. R'. RlO. s and r are as defined in formula (I), with any reactive 
functional groups protected; 

Ll and L2 are functional sroups which are capable of reacting to form tiie linkage 
-(CR'RlO)rU-(CR'2)s-V-; 

R6 is W-(CR'2)q-Z- and any portion of the group -(eR'RlO)r.U-(CR'2)s-V- which 
is connected to L2 with any reactive functional groups protected; 

R2' is r2 as defined for formula (I) witii any reactive group protected; and 

W is W as defined for formula (I) with any basic nitrogen group protected; 
to form a compound of the formula: 




15 R2' 
wherein R6' is W'-(CR'2)q-Z-(CR'RlO)^U-(CR'2)s-V-; 

and diercafter removing any protecting groups, and optionally forming a 
pharmaceutically acceptable salt. 

It wiU be apparent tiiat the precise identity of and iP- will be dependent upon 
tfie site of die linkage being fonned. General mediods for preparing the linkage 
-(CR'R«Vu-(CR'2)s-V- are described, for example, in EP-A 0 372 486 and EP-A 0 381 
033 and EP-A 0 478 363, which are incorporated herein by reference. 

For instance, if V is CONH, may be -NH2. L2 may be OH (as in an acid) or Q 
(as in an acid chloride), and R6" may be W-(CR'2)q-Z-(CR'R«VU-(CR'2)s-C(0), with 
25 any functional groups optionally protected. For example, R6" may be 

(benzyloxycarbonyl-amidino)benzoyl- or (N«»-Boc,Nguan.Tos)arginyI.. When U- is OH, 
a coupling agent is used. 

Similarly, if V is NHCO, Ll may be -CO2H or CO-Cl, may be -NH2, and R6" 
may be W-(CR2)q-Z-(CR'RiO)^U-(CR'2)s-. For example. R6" may be 
(ben2yloxycarbonylamidino)-phenyl, (benzyloxycarbonylamino)methylbenzyl- or 6- 
(benzyloxycarbonylamino)hexyl-. 
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Where V is NHSO2, may be SO2CI, may be .NH2 and R^" may be as 
above. Where V is SO2NH, may be -NH2 and may be SO2CI. Methods to prepare 
such sulfonyl chlorides are disclosed, for instance/in J. Org. Chem., 23, 1257 (1958). 
If V is CH=CH, ]J may be -CHO, V- may be CH=P-Ph3 and R^" may be W- 
5 (CR'2)q-Z-(CR*RlO)r-U-(CR2)s-. Alternately, Ll may be CH=P.Ph3. V- may be CHO, 
R6" may be W-(CR2)q-Z-(CR'RlO)rU-(CR2)s-i-CHO. 
Where V is CH2CH2, compounds may be obtained by reduction of a suitably 
protected compound wherein V is CH=CH. 

Where V is CH2O, CH2N or Csc . may be -OH, -NH or 
10 -C=CH,rcspcctively; V- may be -Br, and R^" may be 

W-(CR*2)q-Z-(CR'RlO)rU-(CR'2)s-. For example. r6" may be 

(benzyloxycarbonylamino)-methylbenzyl- or 2-(N-ben2yl-4-pipeTidinyl)-ethyl. Similariy 
where U or V is OCH2. NR'CH2 or C=C . may be -CH2Br and V- may be -OH, -NH 
or -CSC H, respectively. Alternately, when U or V is C=C , may be Br, I or CF3SO3, 
15 L2 may be C=C H and the coupling m.ay be catalyzed by palladium and a base. 

Compounds wherein V is CHOHCH2 may be prepared from a suitably protected 
compound where V is CH=CH by the procedure disclosed in /. Org. Chem., 54, 1354 
(1989). 

Compounds wherein V is CH2CHOH nlay be obtained from a suitably protected 
20 compound where V is CH=CH by hydroboration and basic oxidation as disclosed in Teu 
Lerr., 31, 231 (1990). 

The compounds of formula (XI), are benzodiazepines and benzazepines and are 
prepared by the general methods illustrated by Schemes 1-9. Representative methods for 
preparing benzodiazepines are well known in the art (e.g., Hynes, et aL, J. Net. Chem., 
25 1988, 25, 1 173; MuUer, et aL, Helv. Chim. Acta., 1982, 65, 21 18; Mori, et aU 

Heterocycles, 1981, 16, 1491); and WO 93/00095 which are incorporated herein by 
reference. Scheme 10 is illustrative of a method to prepare benzothiazepines. 
Benzoxazepines may be prepared in an analogous manner by starting with the compound 
wherein S is replaced by O. In the Schemes, R1"-R7" indicate R^-R^ or a suitable 
30 precursor thereof, wherein any functional groups arc protected as known in the art. 
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Scheme 1 

CO2CH3 




eg. R^" = p-{Cbz-amjdino)benzoyl 
« p-(amidino)benzoyl amino 
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Scheme 2 
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•NH 
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R'N-Boc 
couple 



R"- 
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02N 



2) DMSO/90° 
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Pd/C 



R^ 



NH-Cbz 



pi- 

R = p-(Cbz-amidino)benzoyl 



1) H2. Pd/C 

2) 10] 



V 



N 



,R^' 





eg. X = a.Br.F 



R^'=H,CH3 
R^ = CH3.CH2C02CH3. 

CHaCOzCeHii.CHzCOzBzl 
R^ = CH3, COgH. CH2CO2CH3, 

CH2CQ2C6H,, 
R'''=CH2CH2-Ph 

r"=h 
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Scheme 3 



*N0, 



1^ Boc 1^ Boc - ^CCOgCHa la 



NH, 



l-BuOaC 



1) Hz.Pd/C 




r 2) TFA 
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HOgC 



Boc 



COgCHg 



-COgCHa 




CO2CH3 



Couple 



R«"NHCO 




1) TFA. H2. Pd/C 
2} NaOH 



CO2CH3 




CO2H 



eg. R" = CH2CH2Ph 

R^> p-(Cbz-amidino)benzyl 

R^ = p-(amldinobenzyl)aininocarbonyl 

r"=h 
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CH Br 

' ^ 1)R'''-NH2 f^s^^^NR"' Ha.Pd/C 

/ ^ 



^ N 2) (Boc)20. TEA . „ ^ ^x*^.A^ ^O'^ 

t-BuOzC NO2 t-BuOgC ^ "^MOa 



,xx:.: 





eg. R^"=Ph-ChtCH2- 

R^* e p-(Cbz-amidino)anilino 
B (p-amidinoanilino)carbonyl 



wo 94/14776 



.17- 



PCT/US93/12436 




eq. R^«GH2C02CH3 
= CH2CQ2H 

= p-(Cb2-amidino)benzoyl 
R^ = p-amidino-benzoylamino 
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I-BU-O2C 



Scheme fi 



NBS 



t-Bu-OjC^'^^Br 



t-Bu-OaC 



3 1) R*"-NH2 

& ■ 

2) (Boc)20 



TFA 



NaOMe HOjC 



CO2CH3 



1) PhaP. NEt3 
Pd(0Ac)2 t-Bu-OpC 
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NR^'-BOC 




COgCHg 

CO2CH3 




R^'R'NH 



couple 




deblock 



CO2R 




CO2H 



eg. R^"=(CH2)2Ph 



NBS - N-bromosuccinimide 



R = p-{Cbz-amidino)aniIino 

R® = p-amidinophenylaminocarbonyl 
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Scheme 7 

H2NNH2 



(f^^-^NHs (lmld)2C0 



Lawesson's 



reagent q 



1) BrCHaCOzCHa ^^..^COzCH; 



2) H2O. A ^s^'X^NH 



Pd/C 



1) R«'-OH CO2H 



S*^NH 2) deblock. ^-**^NH 



Imid = imidazole eg. R^' = p(Cbz-amidino)benzoyl 

Phth « phthalimlde r6 . p-amldinobenzoylamino 
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Scheme R 




eg- = p-(Cbz-afnidino)benzoyl 

= p-amidinobenzoyiamino 
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Scheme 9 




• eg. R"*" = CHgCHa-Ph 

= p-{Cbz-amidino)benzoyl 
R^ = p-amidinobenzoylamino 
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Scheme 10 



XX. ^^^^^^^^ ta. 



1)BH3 



S-CHaPh-OMe CBr4.Ph3P 



S-CHaPh-OMe 
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eg. R"*" = CHaCHgPh 

R^" = p-(Cbz-amidino) benzoyl 
R6 = p-amidiniobenzoyamino 
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A particularly useful intermediate is the l,4-ben2odiazepine compound of fonnula 
(XI), wherein Al is NRl. A^ is NR4; ; Ll is CHO, CO2K; Br, I, OH, CT3SO3, CH2-T or 
NR'R", and T is OH. NHR", CI, Br or I. In particular, compounds wherein Rl is H, 
CMalkyl, CMOxoalkyl; R2 is CH2CO2R' and R'* is Q-Ci-ealkyl are useful. More 
particularly, compounds wherein R4 is H, CMallcyl or phenylCMalkyl are useful. Other 
useful intermediates are similarly substituted benzazepine compounds of formula (XI), 
where A' is CHRl andA^ is NR^ . 

Coupling reagents as used herein denote reagents which may be used to form 
peptide bonds. Typical coupling methods employ carbodiimides, activated anhydrides 
and esters and acyl halides. Reagents such as EDC, DCC, DPPA, PPA, BOP reagent, 
HOBt, N-hydroxysuccinimide and oxalyl chloride are typical. 

Coupling methods to form peptide bonds arc generally well known to the art. The 
methods of peptide syntiiesis generally set forth by Bodansky et ai, THE PRACTICE OF 
PEPTIDE SYNniESIS, Springer-Verlag, Berlin. 1984, Ali et al. in J. Med. Chem., 29, 984 
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(1986) and 7. Med. Chem., 30, 2291 (1987) are generally illustrative of the technique and 
are incorporated herein by reference. 

Solution synthesis for the formation of amide or peptide bonds is accomplished 
using conventional methods used to form amide bonds. Typically, the amine or aniline is 
5 coupled via its free amino group to an appropriate carboxylic acis substrate using a 
suitable carbodiimide coupling agent, such as N,N* dicyclohexyl carbodiimide (DCC), 
optionally in the presence of catalysts such as 1 -hydroxy benzotriazole (HOBt) and 
dimethylamino pyridine (DMAP). Other methods, such as the formation of activated 
esten, anhydrides or acid halides, of the free carboxyl of a suitably protected acid 

1 0 substrate, and subsequent reaction with the free amine of a suitably protected amine, 
optionally in the presence of a base, are also suitable. For example, a protected Boc- 
amino acid or Cbz-amidino benzoic acid is treated in an anhydrous solvent, such as 
methylene chloride or tetrahydrofuran(THF), in the presence of a base, such as N-methyl 
morpholine, DMAP or a trialkylamine, with isobutyl chlorofoimatc to form the "activated 

15 anhydride", which is subsequently reacted witii the free amine of a second protected 
amino acid or aniline. 

Compounds of formula (XII) are prepared by conventional methods known in the 
art from commercially available materials, W is a generally a basic functional group 
attached to Z, optionally via an alkyl chain, and is protected during the synthesis of or 

20 is introduced into the molecule after die -(CR'RlO)rU-(CR'2)s-V- linkage has been 

formed. For example, compounds of fonnula (XII) or formula (I) wherein W is a suitably 
substituted R*R"N-. R"R'NC(=NR*), R'2N(R13)c=N-, R"N=(R13)C.NR'-, 
R'2N(R'2N)C=N. or R"R'N(R*N=)C-NR*, are prepared by conventional metiiods 
including those disclosed in EP-A 0 372 486, EP-A 0 381 033 or EP-A 0 478 363, which 

25 are incorporated herein by reference. 

Compounds of formula (XII) wherein W is 0 

are prepared, inter alia, by 

methods disclosed in EP-A 0 478 363. 

Compounds wherein W is R'2N(R'2N)C=N.X- or R"R'N(R'N=)C-NR*-X-, and X 
is O are prepared, inter alia, by methods disclosed in / Org. Chem., 51, 5047 (1986). 
30 Compounds wherein W is R'2N(R'2N)C=N-X- or R"R'N(R'N=)C.NR'-X-, and X 

is N=CR', are prepared, inter alia, by methods disclosed in United States Patent 
3,714,253 and Eur. J. Med. Chem.-Chim. Ther, 20, 25 (1985). 

Compounds wherein W isR'2N(R'2N)C=N-X- or R"R'N(R*N=)C-NR'-X-, and X ■ 
is C(0), are prepared, inter alia, by methods disclosed in United States Patent 3,714,253 
35 and Can. J. Chem., 43, 3103 (1965). 

Compounds wherein W is R'ONR'C(=NR')- may be prepared, inter alia, by 
methods disclosed in J. Met. Chem., 16. 1063 (1979) or 7. Het. Chem., 26, 125 (1989). 
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Compounds wherein W is R'2NR'NC(=NR')- are prepared by conventional 
methods including those disclosed in Synthesis, 583 (1974). 

Compounds wherein W is R'R"NR'N- are prepared, inter alia, by methods 
disclosed in J. Prakt. Chem., 36, 29 (1967). 
5 Compounds wherein W is R'R"NR'NCO- are prepared, inter alia, by methods 

disclosed in Bull. Chem. Soc. Jpn., 43, 2257 (1970). 

Compounds wherein W is R"R'NC(=NR')Y, and Y is S, are prepared, iruer alia, 
by methods disclosed in Chem. Lett., 1379 (1986). 

Compounds of formula (XII) or formula (I), wherein W is R"R'NC(=NR')Y and Y 
10 is O, are prepared by conventional methods including those disclosed in Japanese Patent 
2022751. 

Useful intermediates of fonnula (XII) include compounds of the formula W- 
(CR'2)q-Z-(CR'RW)pU-(CR'2)s-L2 wherein Z, R', R". RlO. u, q. r, and s are as defined 
for fonnula (I): is CHO, C02R'. C=C-H . OH. Q, Br, I, CH2-T or NR'R". and T is 
15 CF3SO3. OH, NHR", CI. Br or I; and W is W with any reactive basic nitrogen group 
protected as herein described by RP, a nitrogen protecting group. R'S02, R'OCO and 
R'CO (e.g., Tos, Boc, Cbz or acetyl) are typical nitrogen protecting groups. Particular 
examples of such intermediates are: 

^gx(CH2),.3-L2 ^^^(CH2),.3-L2 R'.^^^(CH2),.3-L=^ 



20 



RPR 



NR* 



and \^ , wherein E is N or CH, R20 is hydrogen, amino, mono or di-Ci. 

4aikyIamino, hydroxy or CMalkyl. 

The reactive functional groups of the sidcchains of each synthetic fragment arc 
25 suitably protected as known in the art Suitable protective groups are disclosed in 

Greene, PROTECTIVE GROUPS IN ORGANIC CHEMISTRY, John Wiley and Sons, New York, 
1981. For example, the Boc, Cbz, phthaloyl or Fmoc group may be used for protection of 
an amino or amidino group. The Boc group is generally preferred for protection of an a- 
amino group. A t-Bu, cHex or benzyl ester may be used for the protection of the side 
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chain carboxyl. A benzyl group or suitably substituted benzyl group (e.g., 4-methoxy- 
benzyl or 2,4-dijnethoxy-benzyl) is used to protect the mercapto group or the hydroxy] 
group. The rosy] group may be used for protection of the imidazolyl group and tosyl or 
niiro group for protection of the guanidino group. A suitably substituted carbobenzyloxy 
5 group or benzyl group may be also be used for the hydroxy! group or amino group. 
Suitable substitution of the carbobenzyloxy or benzyl protecting groups is ortho and/or 
para substitution with chloro, bromo, nitro or methyl, and is used to modify the reactivity 
of the protective group. Except for die Boc group, the protective groups for die amino 
moiety are, most convenientiy, those which are not removed by mild acid treatment 
10 These protective groups are removed by such metiiods as catalytic hydrogenation, sodium 
in liquid ammonia or HF treatment, as known in the art. 

Modification of amino groups especially on the six-membered ring of the bicyclic 
system, may be accomplished by alkylation, sulfonylation, cyanation or acylation as is 
generally known in the ait. 
15 Acid addition salts of the peptides are prepared in a standard manner in a suitable 

solvent from die parent compound and an excess of an acid, such as hydrochloric, 
hydrobromic, sulfuric, phosphoric, acetic, maleic, succinic or methancsulfonic. The 
acetate salt form is especially useful. Certain of the compounds fonn inner salts or 
zwitterions which may be acceptable. Carionic salts are prepared by treating the parent 
20 compound widi an excess of an alkaline reagent, such as a hydroxide, carbonate or 
alkoxide, containing the appropriate cation; or with an appropriate organic amine. 
Cations such as Li+. Na+. K+, Ca++, Mg++ and NH4+ arc specific examples of cations 
present in pharmaceuticaily acceptable salts. 

This invention provides a pharmaceutical composition which comprises a 
2 5 compound according to formula (I) and a phamaceutically acceptable canicr. 
Accordingly, the compounds of formula (D may be used in die manufacture of a 
medicament. Pharmaceutical compositions of Ae compounds of fonnula (I) prepared as 
hereinbefore described may be formulated as solutions or lyophilized powders for 
parenteral administration. Powders may be reconstituted by addition of a suitable diluent 
30 or odier pharmaceuticaily acceptable carrier prior to use. The liquid formulation may be 
a buffered, isotonic, aqueous solution. Examples of suitable diluents are normal isotonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 
solution. Such formulation is especially suitable for parenteral administration, but may 
also be used for oral administration or contained in a metered dose inhaler or nebulizer 
35 for insufflation. It may be desirable to add excipients such as polyvinylpynx)lidone, 
gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or 
sodium citrate. 
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Alternately, these peptides may be encapsulated, tableted or prepared in a 
emulsion or syrup for oral administration. Pharmaceutically acceptable solid or liquid 
carriers may be added to enhance or stabilize the composition, or to facilitate preparation 
of the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate, terra . 
5 alba, magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. Liquid 
carriers include syrup, peanut oil, olive oil, saline and water. The carrier may also 
include a sustained release material such as glyceryl monostearate or glyceryl distearate, 
alone or with a wax. The amount of solid carrier varies but, preferably, will be between 
about 20 mg to about 1 g per dosage unit. The pharmaceutical preparations are made 

10 following the conventional techniques of pharmacy involving milling, mixing, 

granulating, and compressing, when necessary, for tablet forms; or milling, mixing and 
filling for hard gelatin capsule forms. When a liquid carrier is used, the preparation will 
be in the form of a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. 
Such a liquid formulation may be administered directiy p.o. or filled into a soft gelatin 

15 capsule. 

For rectal administration, the peptides of this mvention may also be combined 
with excipients such as cocoa butter, glycerin, gelatin or polyethylene glycols and molded 
into a suppository. 

The compounds of tiiis invention may be used in vitro to inhibit tiie aggregation 

20 of platelets in blood and blood products, e.g., for storage, or for ex vivo manipulations 
such as in diagnostic or research use. 

This invention also provides a method of inhibiting platelet aggregation and clot 
formation in a mammal, especially a human, which comprises the internal administration 
of a peptide of formula (I) and a pharmaceutically acceptable carrier. Indications for such 

25 therapy include acute myocardial infarction (AMI), deep vein thrombosis, pulmonary 
embolism, dissecting anurysm, transient ischemia attack (TTA), stroke and other infarct- 
related disorders, and unstable angina. Chronic or acute states of hyper-aggregability, 
such as disseminated intravascular coagulation (DIG), septicemia, surgical or infectious 
shock, post-operative and post-panum trauma, cardiopulmonary bypass surgery, 

30 incompatible blood transfusion, abruptio placenta, thrombotic tiirombocytopenic purpura 
(TTP), snake venom and immune diseases, are likely to be responsive to such treatment. 
In addition, the peptides of tiiis invention may be useful in a metiiod for the prevention of 
metastatic conditions, the prevention or treatment of fungal or bacterial infection, 
inducing immunostimulation, treatment of sickle cell disease, and tiie prevention or 

35 treatment of diseases in which bone resorption is a factor. 

The peptide is administered eidier orally or parenterally to the patient, in a manner 
such that the concentration of drug in the plasma is sufficient to inhibit platelet 
aggregation, or otiier such indication. The pharmaceutical composition containing tiie 
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peptide is administered at a dose between about 0.2 to about SO mg/kg in a manner 
consistent with the condition of the patient. For acute therapy, parenteral administration 
is preferred. For persistent states of hyperaggregability. an intravenous infusion of the 
peptide in S% dextrose in water or normal saline is most effective, although an 
5 intramuscular bolus injection may be sufficient. 

For chronic, but noncritical, states of platelet aggregability, oral administration of 
a capsule or tablet, or a bolus intramuscular injection is suitable. The peptide is 
administered one to four times daily at a level of about 0.4 to about 50 mg/kg to achieve a 
total daily dose of about 0.4 to about 200 mg/kg/day. 
10 This invention further provides a method for inhibiting the reocclusion of an 

anery or vein following fibrinolytic therapy, which comprises internal administration of a 
peptide of formula (I) and a fibrinolytic agent. It has been found that administration of an 
peptide in fibrinolytic therapy either prevents reocclusion completely or prolongs the time 
to reocclusion. 

15 When used in the context of this invention the term fibrinolytic agent is intended 

to mean any compound, whether a natural or synthetic product, which direcdy or 
indirectiy causes the lysis of a fibrin clot. Plasminogen activators are a well known group 
of fibrinolytic agents. Useful plasminogen activators include, for example, anistreplase, 
urokinase (UK), pro-urokinase (pUK), streptokinase (SK), tissue plasminogen activator 

20 (tPA) and mutants, or variants, thereof, which retain plasminogen activator activity, such 
as variants which have been cherr.ically modified or in which one or more amino acids 
have been added, deleted or substituted or in which one or more or functional domains 
have been added, deleted or altered such as by combining the active site of one 
plasminogen activator with the fibrin binding domain of another plasminogen activator or 

25 fibrin binding molecule. Other iUustrative variants include tPA molecules in which one 
or more glycosylation sites have been altered. Preferred among plasminogen activators 
are variants of tPA in which the primary amino acid sequence has been altered in the 
growth factor domain so as to increase the serum half-life of the plasminogen activator. 
tPA Growth factor variants are disclosed, e.g., by Robinson et aL EP-A 0 297 589 and 

30 Browne et aiy EP-A 0 240 334. Other variants include hybrid proteins, such as those 
disclosed in EP 0 028 489, EP 0 155 387 and EP 0 297 882, all of which are incorporated 
herein by reference. Anistreplase is a preferred hybrid protein for use in this invention. 
Fibrinolytic agents may be isolated from natural sources, but are commonly produced by 
traditional methods of genetic engineering. 

35 Useful formulations of tPA, SK, UK and pUK are disclosed, for example, in EP-A 

0 21 1 592, EP-A 0 092 182 and U.S. Patent 4,568,543, all of which are incorporated 
herein by reference. Typically the fibrinolytic agent may be formulated in an aqueous, 
buffered, isotonic solution, such as sodium or ammonium acetate or adipate buffered at 
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pH 3,5 to 5.5. Additional excipients such as polyvinyl pyrrolidone, gelatin, hydroxy 
cellulose, acacia» polyethylene, glycol, mannitol and sodium chloride may also be added. 
Such a composition can be lyophilized. 

The phannaceutical composition may. be formulated with both the compound of 
5 formula (I) and fibrinolytic in the same container, but formulation in different containers 
is preferred. When both agents are provided in solution form they can be contained in an 
infusion/injection system for simultaneous administration or in a tandem arrangement. 

Indications for such therapy include myocardial infarction, deep vein thrombosis, 
pulmonary embolism, stroke and other infarct-related disorders. The peptide is 
10 administered just prior to, at the same time as, or just after parenteral administration of 
tPA or other fibrinolytic agent. It may prove desirable to continue treatment with the 
peptide for a period of time well after reperfusion has been established to maximally 
inhibit post-therapy reocclusion. The effective dose of tPA, SK, UK or pUK may be 
from 0-5 to 5 mg/kg and the effective dose of tiie peptide may be from about 0.1 to 25 
15 mg/kg. 

For convenient adminisuation of the inhibitor and the fibrinolytic agent at the 
same or di£ferent times, a kit is prepared, comprising, in a single container, such as a box, 
carton or other container, individual botties, bags, vials or other containers each having an 
effective amount of the inhibitor for parenteral administration, as described above, and an 

20 effective amount of tPA, or other fibrinolytic agent, for parenteral administration, as 
described above. Such kit can comprise, for example, both pharmaceutical agents in 
separate containers or the same container, optionally as lyophilized plugs, and containers 
of solutions for reconstitution. A variation of this is to include the solution for 
reconstitution and the lyophilized plug in two chambers of a single container, which can 

25 be caused to admix prior to use. With such an arrangement, the fibrinolytic and the 
peptide may be packaged separately, as in two containers, or lyophilized togetiier as a 
powder and provided in a single container. 

When botii agents are provided in solution form, they can be contained in an 
infusion/injection system for simultaneous administration or in a tandem arrangement 

30 For example, the platelet aggregation inhibitor may be in an i.v. injectable form, or 

infusion bag linked in series, via tubing, to the fibrinolytic agent in a second infusion bag. 
Using such a system, a patient can receive an initial bolus-type injection or infusion, of 
the peptide inhibitor followed by an infusion of the fibrinolytic agent. 

The pharmacological activity ofthe compounds of this invention is assessed by 

35 their ability to inhibit the binding of 3H-SK&F 107260, a known RGD-fibrinogen 

antagonist, to the GPIIbllla receptor, their ability to inhibit platelet aggregation, in vitro, 
and their ability to inhibit thrombus formation in vivo. 
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Inhibition of RGD-mediated GPIIb^IIIa binding 

Inhibition of RGD-mediaied GPIIb-IIIa binding was demonstrated by assessing 
the ability of compounds to inhibit the binding of ^H-SK&F 107260, a known RGD- 
fibrinogen antagonist, to the GPIIblEla receptor according to the procedure disclosed in 
5 WO 93/00095 (PCTAJS/92/05463). 

Inhibition of Platelet Apgrepatinn 

Inhibition of platelet aggregation was demonstrated following the procedure 
disclosed in WO 93/00095 (PCT/US/92/05463). 
10 The compounds of this invention inhibit the aggregation of human platelets 

stimulated with ADP with IC50 of about 0.001 to about 150 jiM. Preferred compounds 
have IC50 of less than 0. 1 pM. 

To assess the stability of the compounds to plasma proteases, the compounds were 
incubated for 3 h (rather than 3 min) in the PRP prior to addition of the agonist. 

15 

In Vivo Inhibition of Platelet Ag^gation 

In vivo inhibition of thrombus formation is demonstrated by recording the 
systemic and hemodynamic effects of infusion of the peptides into anesthetized dogs 
according to the metiiods described in Aiken et ai. Prostaglandins, 19, 629 (1980). 
20 The examples which follow are intended to in no way limit the scope of this 

invention, but are provided to illustrate how to make and use the compounds of this 
invention. Many other embodiments will be readily apparent and available to those 
skilled in the art. 



25 
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The examples which follow are intended to in no way limit the scope of this 
invention, but are provided to illustrate how to make and use the compounds of this 
invention. Many other embodiments will be readily apparent and available to those skilled 
in the art. 

5 

EXAMPLES 

In the Examples, all temperatures arc in degrees Centigrade. Mass spectra were 
perfonned using fast atom bombardment (FAB) or electro-spray (ES) ionization. Melting 
10 points WKC taken on a Thomas-Hoover capillary melting point apparatus and are 
uncorrected. 

NMR were recorded at 250 MHz using a Bniker AM 250 spectrometer, unless 
otherwise indicated. Chemical shifts arc reported in ppm (5) downfield from 
tetramethylsilane. Multiplicities for NMR spectra are indicated as: s=singlet, d=doublet, 
15 t=triplet, q=quartet, m=muldplet. dd=doublet of doublets, dt=doublet of triplets etc. and br 
indicates a broad signal. J indicates die NMR coupling constant in Hertz. 

Diazald® is N-mediyl-N-nitroso-p-toluene sulfonamide, and is a registered 
tcademaik of the Alrich Chemical Co., Milwaukee, Wsconsin. Celite® is filter aid 
composed of acid washed diatomaceous siUca, and is a registered trademark of Mansville 
Corp., Denver, Colorado. Florisil® is an activated magnesium silicate chromatographic 
suppon and is a registered trademark of Floiidon Co., Kttsburgh, Pennsylvania. Analtech 
silica gel GF and EM silica gel thin layer plates were used for thin layer chromatography. 
Both flash and gravity chromatography were carried out on Merck 60 (230-400 mesh) 
silica gel. ODS refers to an octadecylsilyl derivatized silica gel chromatographic support 
ANAV-TFA indicates an isocratic eluant system of the indicated percentage of acetonitiile 
in water with 0.1% TFA. 5^1 Apex-ODS indicates an octadecylsilane derivatized sOica gel 
support, having a nominal particle size of 5^, made by Jones Chromatography, Littieton, 
Colorado. YMC ODS-AQ® is an ODS chromatographic support and is a registeitd 
trademark of YMC Co. Ltd., Kyoto. Japan. PRP-1® is a polymeric (styrcne-divinyl 
benzene) chromatographic suppon and is a registered trademark of Hamilton Co., Reno, 
Nevada. 

The following methods are illustrative of the manner of making certain useful intermediates 
for the preparation of the compounds of this invention. 

Preparation 1 



Preparation of S-r^-pv razinvnpropanoic Bci{\ 
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a) t-butyl 3-(2-pyra2inyl)propionate 

A solution of diisopropylamine (4.0 mL, 28.5 mmol) in THF (20 mL) was treated 
with 2.5M n-butyllithium (1 1.42 mU 28.5 mmol) at -TS'^C The mixture was warmed to 

5 RT for 0.5 h, cooled to -78°C, and 2-methylpyrazine (2.0 mL, 21.9 mmol) was added 
The reaction mixture was warmed to RT, stirred for 1 h, cooled to -78°C, and butyl 
bromoacetate (4.25 mL, 26.3 mmol) was added. The reaction mixture was warmed to RT, 
stirred for 18 h and quenched with water (1 mL). The mixture was concentrated and the 
residue was purified by flash chromatography (silica gel, 60% ethyl aceiate/hexane) to give 

10 the ride compound (3.06 g, 67%) as a light yeUow oil. MS(ES) m/e.209 [M+H]+; 
NMR (250 MHz) 8 8.37-8,57 (m. 3H), 3.10 (t, 2H), 2.74 (t, 2H), L43 (s, 9H). 



b) 3-(2-pyrazinyl)propanoic Acid 

The compound of Preparation 1(a) (0.26 g, 1.2 mmol) was treated with TFA (3 
15 mL) for 30 min and the mixture was concentrated to yield the tide compound (0.18 g, 
98%) as a light yellow oil. 1h NMR (90 MHz) 5 8.41-8.56 (m, 3H), 3. 24 (t, 2H), 2.77 
(t. 2H). 

Preparation 2 

20 

Preparation of 3-r4-pvridvnpropanamine 



a) N-[3-(4-pyridyl)propyl]phthalimide 

Diethyl azodicarboxylate (4.4 g, 25.4 mmol) was dissolved in dry THF and added 

25 dropwise to a solution of 3-(4-pyridyl)propanoI (3.18 g, 23.18 mmol), triphenylphosphine 
(12.3 g, 46.9 mmol) and phthalimide (3.6 g, 24.5 mmol) in dry THF (50 mL). The 
mixture was stirred at RT for 3.5 h, concentrated and the residue taken up in ether and 
filtered. The filter cake was taken up in hexane/ethyl acetate/chloroform (40:30:30) and 
flash chromatographed (silica gel, 30:35:35 hexane:ethyl acetateichloroform) (3L) to yield 

30 the tide compound (3.3 g, 54%), 1h NMR (90 MHz, CDCI3) 5 8.44 (m, 2H), 7.71 (m, 
4H), 7.13 (d, 2H). 3.70 (t, 2H). 2.65 (t, 2H), 2.05 (m, 2H) 



b) 3-(4-pyridyl)propanamine 

The compound of Preparation 2(a) (2.1 g, 7,7 mmol) was dissolved in ethanol, 
35 treated with anhydrous hydrazine (0.3 mL, 9.5 mmol), stirred overnight and concentrated. 
The residue was treated with hydrazine in ethanol overnight, concentrated and the residue 
taken up in chloroform, filtered and concentrated to give the title compound (1.1 g. quant). 
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5 



iH NMR (90 MHz, CDCI3) 5 8.45 (i 2H), 7.77 (t, IH), 7,40 (m, 2H), 7,12 (d, 2H), 
3.38 (q, 2H), 2.60(t, 2H). 1.86 (m, 2H). 

Preparation 3 

Preparation of 5-(bcnzvloxvcarbonvlaTnino)pentanaTninc 



To a suspension of 1,5-diaminopeniane dihydrochloride (2.9 g, 16.7 mmol) in 
THF (100 mL) was added 20% aqueous sodium hydroxide (10.0 g, 50 mmol) at 0°C. A 

10 solution of benzyl chloroformate (1.7 g, 10 mmol) in THF (10 mL) was added rapidly 
dropwise and the resulting mixture stirred at RT. After 1 the organic layer was 
separated and concentrated to give a residue which was dissolved in ethyl acetate (200 
mL). This solution was extracted with water (3 x 50 mL.), dried (sodium sulfate) and 
concentrated. The residue was redissolved in ether (50 mL) and 1.0 M ethereal hydrogen 

15 chloride (3.0 mL) was added. The resulting precipitate was filtered, suspended in C3H2C12 
(75 mL) and shaken with 5% sodium hydroxide (15 mL). The organic layer was washed 
with water (75 mL), dried (sodium sulfate) and concentrated to give the tide compound 
(0.25 g, 30%): 1h NMR (400 MHz. CDCI3) 5 7.15-7.4 (m, 5H), 5.15-5.4 (m, IH), 
5.05 (s, 2H), 3.05-3.2 (m, 2H). 2.55-2.7 (m, 2H). 1.2-1.5 (m, 6H). 

20 

Pre paration 4 

Pre paration of 4-rN-ft-butoxvcarbonvl-N-(proDvlVaminomethvllaniline 

25 a)4-[N-(t-butoxycarbonyl-N-(propyl)aminomethyl]-l-nitrobenzene 

A solution of N-(propyl)aminomethyl-l-mtrobenzene (1.8 g, 9.27 mmol), 
trietiiylaihine (1.41 g, 13.9 mmol) and di-t-butyl dicarbonate (2.8 g, 13 mmol) in THF (60 
mL) was stirred for 1 h at RT, concentrated and the residue stirred in water (100 mL) for 1 
h. The aqueous phase was decanted and the residue dissolved in ethyl acetate (300 mL). 

30 The solution was extracted with water (3 x 100 mL) and brine (100 mL), dried (sodium 
sulfate) and concentrated to yield the tide compound (2.65 g, 95%). ^H NMR (400 MHz, 
CDCI3) 6 8.2 (d, 2H), 7.4 (d, 2H), 4.5 (m, 2H), 3.15 (d. 2H). L3-1.6 (m, 9H), 0.9 (t, 
3H). 



35 b) 4-[N-(t-butoxycarbonyl)-N-(propyl)anunomethyl]aniline 

A solution of the compound of Preparation 4(a) (2.7 g, 9.2 mmol) in ethanol (100 
mL) containing 10% palladium on carbon (0.4 g) was hydrogenated at 40 psi. After 30 
min, the mixture was filtered and concentrated to give the title compound (2.4 g., 100%). 
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iH NMR (400 MHz. CDCI3) 5 7.0-7.3 (m, 3H), 6.6 (d, IH), 4.3 (m, 2H), 3.6 (br, 
2H). 3.1 (m, 2H), 1.4-1.6 (m, 9H), 0.9 (t, 3H). 

Preparation 5 

5 

Preparation of 3-rN-(t-butoxvcarbonvl)aminomethvn'bcnzvlamine: and 
4-fN-(t-butoxvcarbonvnaminomethvnbenzvlamine 

The title compounds were prepared using the general procedure of J. Med. Chem,^ 32, 
391 (1989). 

10 

Preparation 6 

Preparation of 3-f4-rN-ft-butoxvc:irbonvnpipeTi-dinvnipropanainine 

15 a) 3-[4-[N-(t-butoxycarbonyl)piperidinyl]]propanol 

3-(4-Pyridyl)pFopanoI (10.40 g, 75.8 mmol) was dissolved in glacial acetic acid» 
platinum oxide (1 g) was added and the mixture was shaken was hydrogenated (50 psi) for 
6 h. The mixture was fihered through Celite®, concentrated and concentrated twice from 
toluene. The residue was dried under reduced pressure, dissolved in C312C12 (150 mL) 

20 and treated with triethylamine (10.2 g, 1(X).7 mmol) and then with di-t-butyl dicarbonate 
(18.0 g, 82.5 mmol). The reaction was stirred for 2 h, concentrated and the residue was 
taken up in ethyl acetate and washed sequentially with water, IN hydrochloric acid (2x), 
water and IN sodium bicarbonate (2x), The organic phase was dried (magnesium sulfate), 
filtered and concentrated and the residue was purified by flash chromatogmphy (silica gel, 

25 chlorofarm; 5:95 methanoLxhlorofonn) to give the title compound (12.87 g, 68.7%): TLC 
Rf 0.78 (silica 9:1 chloroformrmctfianpl); IR NMR (400 MHz, CDCI3) S 4.08 (m. 2H). 
3.65 (t, 2H), 2.64 (t, 2H), 1.80-0.90 (m). 1.43 (s, 9H). 

b)N-[3-[4-[N-(t-butoxycarbonyl)piperidinyl]]propyl]-phthalimide 
30 The compound of Preparation 6(a) (2.0 g, 8.22 mmol) was dissolved in dry THF 

(100 mL) witii phthalimide (1.52 g, 10.34 mmol) and.triphenylphosphine (2.22 g, 8.46 
mmol). Diediyl azidodicarboxylate (1.65 g; 9.53 mmol) was dissolved in dry THF and 
slowly added to the alcohol reaction mixture. The reaction was left stirring at room 
temperamre for3 days. The solvents were evaporated under vacuum. The residue was 
35 taken up in hexaneiethyl acetate (9:1) and flash chromaiographed (silica gel, 10%; 20% 
ediyl acetate/hexane) to yield the title compound (2.0 g, 60.6%). NMR (90 MHz, 
CDCI3) 5 8.05-7.65 (m. 4H), 4.40 (br. d., 2H), 3.72 (t, 2H). 2.78 (t, 2H), 1.0-2.0 (m), 
1.50 (s., 9H) 
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c) 3-[4-[N-(t-butoxycarbonyl)pipcridinyl]]propanamine 

The compound of Preparation 6(b) (2.0g, 5,42 mmol) was dissolved in ethanol (50 
mL). Anhydrous hydrazine (excess) was added and the solution was stirred overnight, 
5 concentrated and the residue taken into chloroform and filtered. The filtrate was 
concentrated to yield the title compound (863.5 mg, 65.7%). NMR (250 MHz, 
CDCI3) 5 4.05 (br. d„ 2H), 3.00 (t, 2H). 2.66 (t, 2H), 2.2-0.90 (m), 1.45 (s, 9H); TLC 
Rf 0.63 (3:1 :1 n-BuOH:HOAc:water). 

10 Prgparappn 7 

Preparation of 2-ri-r4-fbenzvlQxvcarbonvnpiperazinvm-ethan amine: and 
2-ri-r4-fbenzvloxvcarbonvnpiper azinvm-N-methv1-ethanamine 

15 a) 2-[l:[4-(benzyloxycarbonyl)piperazinyl]]ethanamine 

2-(l-Piperazinyl)ethylamine was protected according to the general procedure 
of Tel. Lett., 27, 4391 (1986). A solution of t-butylchlorodiphenylsilane (7.8 mL, 
30 mmol) in acetonitrile (10 mL) was added dropwise to a solution of 2^(1- 
piperazinyl)ethylamine (4.0 mL, 31 mmol) and triethylamine (6.3 mL, 45 mmol) in 

20 acetonitrile (20 mL) stirred at 10°C. The mixnire was stirred 2 h at RT, cooled to 
lO^C and treated witii triethylamine (6.3 mL, 45 mmol) and a solution of benzyl 
chlorofoimate (4.3 mL, 30 mmol) in CH2CI2 (10 mL). The mixture was stiined at 
RT for 2 h, filtered and concentrated. The residue was stirred in 80% acetic acid (100 
mL) overnight, poured into brine and washed with ethyl acetate. The aqueous phase 

25 was basified with saturated sodium carbonate, extracted with ethyl acetate and the 

organic phase was dried (magnesium sulfate), filtered and concentrated to give the tide 
compound (1.1 g, 14%). InMR (400 MHz, CDCI3) 5 2.43 (6H, m), 2.80 (2H, m), 
3.52 (4H, m). 5.14 (2H, s), 7.38 (5H, s). 

30 b) 2-[l -[4-(benzyloxycarbonyl)piperazinyl]]-N-methyl-ethanamine 

Formic acid (0.5 mL, 12.2 mmol) was added dropwise via syringe to acetic 
anhydride (1.0 mL, 9.8 mmol) at 10°C. The mixture was stirred for 10 min and 
heated to 50**C for 2 h. The mixture was cooled to RT, anhydrous THF (10 mL) was 
added followed by the compound .of Preparation 7(a) (1.0 g, 3.8 mmol) dissolved in 

35 THF. The mbcture was stirred for 2.5 h at RT, concentrated and the residue was 

dissolved in THF (25 mL) and cooled to 10**C. l.OM Boron methyl sulfide (1 mL, 10 
mmol) dissolved in THF (10 mL) was added dropwise at 10°C. The mixture was 
stirred until gas evolution ceased and was heated to reflux for 2 h. The mixture was 
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cooled, treated carefully with saturated methanolic hydrogen chloride (20 mL) and 
heated to reflux for 1 h. The mixture was concentrated to yield the dtle compound 
(400 mg. 40%). MS(ES) m/e 278.0 (M+HJ+; ^NMR (400 MHz. CDCI3) 5 2.68- 
3,92 (15H, m), 5.15(2H, s), 7.37 (5H, s) 

5 

Preparation 8 

Preparation of 6-ft-butoxvcarbonvlamino)hexylamine 

A solution of 1,6-diaminohexane (14 g, 0.12 mol) in ethanol (500 mL) was mixed 

10 with a solution of di-t-buiyl carbonate (23g, 0.1 mol) in ethanol (500 mL) and stirred 
overnight The mixture was filtered, concentrated and the residue was shaken with a 
mixture of ether (200 mL) and water (50 mL). The aqueous phase was extracted twice 
with ether (50 mL) and the organic phase was extracted sequentially with brine, cold 0.4N 
hydrochloric acid (150 mL) and water (2 xlOO mL). The pH of the acidic extract was 

15 brought to 12-13 with IN sodium hydroxide and it was extracted twice widi ether(50 mL). 
The organic phase was washed with brine, dried (sodium sulfate) and concentrated to yield 
the title compound (13.16 g, 49%). TLC Rf 0.53 (Kieselgel 60 F254, 15:3:2 2- 
butanohformic acidiwater); MS(ES) m/e 217.0; ^NMR (400 MHz, CDCI3): 5 4.57 (br s, 
IH), 3.10-3.12 (m 2H), 2.68-2.71 (m 2H), 1.84 (br s 2H), 1.44-1.48 (br s 9H), 1.32- 

20 1.34(brs8H). 

Preparation 9 

Prcpar^tipn of 4-f H?utQxycart>ony l^m jTiQ)OTiine 
25 Using the procedure of Preparation 8, except substituting 1,4-diaminobutane for 

1,6-diaminohexane, gave the ride compound (2.5 g, 26%): TLC Rf 0.39 (Kieselgel 60 
F254. 15:3:2 2-butanol:fonnic acid:watcr); MS(ES) m/e 189.0. 

Prepsration }Q 

30 

Preparation of 2-(2-pvrazinvl)ethanamine 

a) 2-[N-(benzyloxycarbonylamino)]etiiyl-(2-pyrazine) 

A mixmre of the compound of Preparation 1(b) (0.49 g, 3.24 mmol), trietiiylamine 
35 (1.02 g, 10.1 mmol) and diphenyl phosphorylazide (1.28 g, 4.5 mmol) in toluene (20 mL) 
was heated at lOS'^C for 0.5 h. The temperature was lowered and the reaction was treated 
witii benzyl alcohol (1.11 g, 10.14 mmol) at 80°C for 14 h. the mixture was concentrated 
and the residue was purified by flash chromatography (silica gel, 60% ethyl 
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acetate/hexane) to give the title compound (0.40 g, 48%) of protected amine as a light 
yellow oil: MS(ES) 258 [M+H]+; NMR (250 MHz) 5 8.35-8.70 (m, 3H), 7.07-7.51 
(m. 5H), 5.42 (b. IH), 5.11 (s, 2H). 3.62 (t. 2H), 2.99 (i, 2H). 

5 b) 2-(2-pyra2inyl)ethanamine 

The compound of Preparation 10(a) (0.15 g, 0.58 mmol) was dissolved in 
methanol (10 mL) and palladium on carbon (5%, 50 mg) was added The mixture was 
hydrogenated for 1 h, filtered through Celite® and concentrated to yield the title compound 
(69 mg, 96%) as a light yellow oil. 

10 

Preparation of fSV4-rN-rN-(t-butn xvcarbonvnalanvn-aminomethvl1aniline 

15 a) (S)-4-[N-[N-(t-butoxycarbonyl)alanyl]aminomethyl]-l-(nitro)benzene 

A solution of 4-nitroben2ylamine hydrochloride (1.89 g, 10.0 mmol) in DMF (20 
mL) was neutralized with 4-methylmorpholine and treated with a solution of N-t-Boc-L- 
alanine N-hydroxysuccinimide ester (2.86 g, 10.0 mmol) in DMF (14 mL) at RT. The 
mixture was kept at RT for 72h, concentrated and die resulting solid was redissolved in 

20 ethyl acetate and washed sequentially with water, IN hydrochloric acid and brine, dried 
(magnesium sulfate) and concentrated to give the title compound (2.37 g, 73%) as an oil. 
TLC Rf 0.74 (5:95 methanol:eth>; acetate); NMR (GDCI3) 5 L41 (d, J=l 1.2 Hz, 
3H), 1.46 (s, 9H), 4.22 (m, IH), 4.56 (m, 2H), 4.94 (br s, IH), 6.90 (br s, IH), 7.43 
(d, J=12.8 Hz, 2H), 8.18 (d, J=12.8 Hz, 2H). 

25 

b) (S)-4-[N-[N-(t- butoxycarbonyI)alanyl]aminomethyl]-aniline 

A mixture of die compound of Preparation 1 1(a) (2.37 g, 7.3 mmol), 10% 
palladium on carbon (0.24 g, 0.23 mmol), and methanol (125 mL) was stirred at RT under 
H2 (1 atm) for 6.5 h, filtered and the filtrate was concentrated to give the tide compound 
30 (2.02g, 98%) as an oil. TLC Rf 0.68 (5% metiianol/ethyl acetate); ^H NMR (CDCI3) 5 
1.33 (d, J=7.10 Hz, 3H). 1.39 (s. 9H), 4.12 (m, IH). 4.27 (d, J=5.0 Hz, 2H), 5.05 (br 
s, IH), 6.38 (br s, IH). 6.60 (d, J=8.3 Hz, 2H), 7.01 (d. J=8.3 Hz, 2H). 

Preparation 12 

35 

Preparation of 4-rft-butoxvcarbonvnaminomethvl1-3-chlorobenzoic acid 



a) methyl 4-(phthalimidomethyl)-3-chlorobenzoate 
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A mixture of methyl 4-bromomethy 1-3-chlorobenzoate 1 0 g, 38 mmol) and 
potassium phthalimide (9.85 g. 53 mmpl) in dimethylformamide (65 mL) was stiired and 
heated to 85^0 for 2 h. The hot mixture was poured into ice water and the resulting solid 
was filtered, washed sequentially with water, ethanol and a small amount of ether and 
5 dried to give the tide compound. 

b) 4-(aminomethyl)-3-chlorobenzoic acid 

A mixture of the compound of Preparation 12(a) (4.0 g, 12.2 mmol) and hydrazine 
(1.25 g, 25 mmol) in methanol (55 mL) was heated to reflux for 1 h, concentrated and the 
10 residue was treated with concentrated hydrochloric acid (25 mL). The mixture was heated 
to reflux for 1 h, cooled to 0°C, and filtered. The filtrate was concentrated and the residue 
was diluted with water and adjusted to pH 7 with 2N sodium hydroxide. The resulting 
precipitate was filtered and dried to yield the tide compound. 

15 c) 4-[(t-butoxycarbonyl)aminomethyl]-3-chlorobenzoic acid 

A mixture of the compound of Preparation 12(b) (1.8 g, 8.2 mmol), di-l-butyl 
carbonate (2.1 g, 9.8 mmol) and triethylamine (2.3 mL, 16.4 mmol) in dimethylformamide 
(15 mL) was stirred for 4 h, concentrated and the residue was distributed between 5% 
aqueous citric acid and ethyl acetate. The organic phase was washed, with 5% aqueous 

20 citric acid, dried (magnesium sulfate) and concentrated to give the tide compound. 

fipppar^ripn 13 

Preparation of 2-famino^Dvridine-4-etha namine dihydrochloridc 

25 a) mediyl 2-(acetamido)pyridine-4-carboxylate 

To 2-(acetamido)pyridine-4-carboxylic acid (25 g, 139 mmol) was added a 
saturated solution of anhydrous hydrogen chloride in methanol (600 mL). The cloudy 
suspension was stirred for 16 h at RT and refluxcd for 24 h. The resulting solution was 
concentrated, dissolved in chloroform, washed widi saturated sodium bicarbonate, brine, 

30 dried (magnesium sulfate) and concentrated to give the tide compound as a white solid 
(17.86 g, 84%). TLC Rf 0.55 (5% methanol/chlorofonn); NMR (CDCI3) 5 3.96 
(3H. s), 4.80 (2H. s).7.12 (IH. J=5H2, d). 7.19 (IH. s), 8.10 (IH, d, J=5Hz). 

b) 2-(amino)pyridine-4-medianol 
35 To the compound of Preparation 13(a) (15.14 g, 100 mmol) in dry THF (300 mL) 

was added dropwise, with stirring at 0°C under argon, a solution of IN lithium aluminum 
hydride in THF (200 mL, 200 mmol) over 1 h. After the addition, the ice bath was 
removed and the reaction was stirred at RT for 1 h. The reaction was cooled to 0**C and 
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carefuUy quenched with ethyl acetate (50 mL) followed by water (8 mL), 15% sodium 
hydroxide (8 mL) and water (22 mL). After 15 min, the resulting suspension was filtered 
and the filter was rinsed thoroughly widi a solution of 20% medianol/chloroform (200 
mL). The filtrate was concentrated and the residue was purified by flash chromatography 
5 (silica gel, 10% methanoVchloroform) to obtain the title compound (9.60 g, 77%) as a 
white solid. TLC Rf 0.17 (5% methanol/chloroform), NMR (CD3OD) 5 4.55 (2H; 
s), 4.88 (3H. s), 6.62 (IH, d, J=5Hz). 6.65 (IH, s). 7.88 (IH, d, J=5H2). 

c) 2-amino-4-(bromomethyl)pyridine 
10 To the compound of Preparation 13(b) (9.40 g, 76 mmol) was added 48% 

hydrobromic acid (75 mL). The solution was heated to 100°C under argon for 16 h, 
concentrated and dried under vacuum to give the title compound as an off-white solid 
which was used in the next reaction without purification. 

15 d) methyl 3-[(2-(amino)pyrid-4-yl]-2-(methoxycarbonyl)-propionate 

To a stiired solution of dimethyl malonate (20 mL, 175 mmol) and sodium 
methoxide (25 wt% in methanol, 35 mL. 162 mmol) in dry methanol (100 mL) at 0*^0 was 
added tiie compound of Preparation 13(c) (18.67 g, 70 mmol) in one portion. After 5 min, 
the reaction was allowed to warm to RT. The mixture was stirred for 4 h, acidified witii 

20 acetic acid and concentrated. The residue was dissolved in chloroform, washed with 
saturated sodium bicarbonate, brine, dried (magnesium sulfate), and concentrated. The 
residue was purified by flash chromatography (silica gel, 3% methanoVchloroform) to give 
the tide compound (1 1.00 g, 66%) as an oil which solidified under vacuum. TLC Rf 0.46 
(5% methanol: chloroform). 1h NMR (CDCI3) 5 3.10 (2H, d, J=8Hz), 3.69 (IH, t), 

25 3.73 (6H, s). 4.51 (2H, br s), 6.38 (IH, s), 6,50 (IH, d. J=5Hz), 8.01 (IH, d, J=5Hz). 

e) 2-(amino)pyridine-4-propionic acid hydrochloride 

To the compound of Preparation 13(d) (1 1.0 g, 46 mmol) was added concentrated 
hydrochloric acid (100 mL). The reaction was heated at lOO^'C for 16 h and concentrated 
30 to give the title compound (9.36 g. 100%) as a white solid. 

f) methyl 2-(amino)pyridine-4-propionate 

To the compound of Preparation 13(e) (8.36 g, 41 mmol) was added samrated 
solution of anhydrous hydrogen chloride in methanol (300 mL). The mixture was stirred 
35 for 3 d at RT, concentrated, and dried under vacuum. The remaining solid was dissolved 
in chloroform, washed with saturated sodium carbonate, brine, dried (magnesium sulfate) 
and concentrated to give the tide compound (7.40 g, 100%). TLC Rf 0.44 (5% 



wo 94/14776 



-39- 



PCT/US93/12436 



methanol/chloroform). NMR (CDCI3) 5 2.72 (4H, m), 3.70 (3H, s). 4.69 (2H, br 
s), 6.38 (IH, s), 6.52 (IH, d, J=5H2), 8.01 (IH, d, J=5Hz). 

g) methyl 2-(acetamido)pyiidine-4-propionate 

5 To a stirred solution of the compound of Preparation 13(f) (7.40 g, 41 mmol) in 

THF (200 mL) was added sodium bicarbonate (4.5 g, 53.6 mmol) followed by acetic 
anhydride (5 mL, 53 mmol). After stirring for 16 h. the reaction was diluted with ethyl 
acetate, washed with saturated sodium carbonate, brine, dried (magnesium sulfate) and 
concentrated. The residue was purified by flash chromatography (silica gel, 3% 
10 methanol/chloroform) to yield the title compound (9.02 g, 98%). TLC Rf 0.27 (60% ethyl 
acetate/hexane). 1h NMR (CDCI3) 5 2.22 (3H, s), 2.70 (2H, t), 3.0 (2H, t), 3.72 (3H, 
s), 6.98 (IH, d. J=5Hz), 8.20 (IH, s), 8.24 (IH. d, J=5Hz), 9.88 (IH. br s). 

h) 2-(aceiamido)pyridine-4-propionic acid 

15 To a sdrred solution of the compound of Preparadon 13(g) (9.0 g» 40 mmol) in 

dioxane (150 mL) was added IN sodium hydroxide (80 mL) diopwise. After stirring for 
5 h, the reaction was made acidified with IN hydrochloric acid (80 mL) and the resulting 
solution was concentrated to a small volume to precipitate the product, which was filtered 
off, rinsed with a small volume of cold water and dried under vacuum to give the tide 

20 compound (7.83 g, 94%). TLC Rf 0.32 (95:4: 1 chloroform:methanol:acetic acid). 

MS(DCI/NH3) m/e 209.1 [M+H]+; ^H NMR P6"DMSO) 5 2.08 (3H. s), 2.56 (2H, t), 
3.36 (2H, br s), 6.97 (IH, d. J=5Hz). 7.97 (IH. s). 8.18 (IH, d. J==5H2). 

i) 2-[(2-(acetamido)pyrid-4-yl]-N-(methoxycarbonyl)ethanamine 

25 To a stirred solution of the compound of Preparation 13(h) (4,75 g, 23 mmol) and 

triethylamine (3.8 mL, 27 mmol) in dry toluene (150 mL) was added 
diphenylphosphorylazide (5.7 mL, 26 mmol). The reaction was stirred at RT for 15 min, 
then heated to 8(FC with a reflux condenser attached, behind a safety shield. Vigorous gas 
evolution occurred after -10 min. The reaction was stirred an additional 30 min, the 

30 mixture became clear and gas evolution ceased. Medianol (5 mL, 123 mmol) was added 
and the reaction was allowed to stir at 80®C for an additional 4 h. The mixture was 
concentrated and the residue was purified by flash chromatography (silica gel, 3% 
methanol/chloroform) to yield the tide compound (3.92 g, 72%). TLC Rf 0.42 
(5% methanol/chloroform). MS(DCI/NH3) m/e 238.1 [M+H]+; ^H NMR (CDCI3) 5 

35 2.23 (3H. s), 2.82 (2H. t), 3.39 (2H, m), 3.68 (3H, s), 4.81 (2H, s). 7.02 (IH, d, 
J=5Hz), 8.03 (IH. s).' 8.22 (IH, d, J=5Hz). 
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j) 2-(aniino)pyridine-4-ethajiajnine 

To the compound of Preparation 13(i) (3.80 g, 16 mmol) was added a solution of 
6N hydrochloric acid (150 mL). The reaction was heated at 1 lO^C for 24 h, concentrated 
and dried under vacuum to give the title compound (3.37 g. 100%) as a white solid. 
5 MS(DCI) m/e 138.1 [M+HJ+ 

Preparation 14 

Preparation of 2'fhvdrQxy^pvridine-4>ethanamine hydrochloride 

10 a) 2-I(2-methoxy)pyrid-4-yl]-N-(methoxycarbonyl)ethanamine 

Using the procedure of Preparadon 13(i). except substituting 2-(methoxy)pyridine- 
4-propionic acid for the compound of Preparation 13(h), gave the title compound. TLC Rf 
0.24 (30% ethyl acetate/hexane). MS(DCI/NH3) m/e 211.1 [M+H]+; lHNMR(CDCl3) 
5 2.80 (2H, t), 3.49 (2H, m), 3.72 (3H, s), 3.96 (3H, s). 4.82 (IH, br s), 6.66 (IH, s), 

15 6.79 (IH, d, J=5Hz), 8.17 (IH, d. J^SHz), 

b) 2-(hydroxy)pyridine-4-ethanamine hydrochloride 

Using the procedure of Preparadon 13(j)> except substituting the compound of 
Preparation 14(a) for the compound of Preparation 13(i), gave the tide compound 
20 MS(Da/NH3) m/e 139.1 [M+H]+ 

jPrgp^Tfttipn |g 

Preparation of 4-rft-butoxvcarbonvnfaminomethvniDhenol 

25 4-(Aminomethyl)phenol [7. Med. Chem,, 26, 808-813, 1983] was dissolved in 

dichloromeihane (5 mL) and treated with IN sodium hydroxide (4 mL) at 0°C followed by 
di-t-butyl dicarbonate (610 mg, 2.8 mmol). The solution was allowed to warm to RT, 
stirred for 4 h and concentrated. The residue was purified by flash chromatography (silica 
gel, 2% methanol/chloroform) to give die tide compound (440 mg). NMR (250 MHz) 

30 5 7.06 (d, 2H), 6.78 (d, 2H), 4.05 (bs, IH). 4.20-4.18 (m, 2H). 1.45 (s, 9H). 

Preparation 16 

Preparation of 4-r2-rN>ft-butoxvcarbonvnaminoethvni piperidine 
35 a) 4-[[2-(t-butoxycarbonyl)amino]ethyl]pyridine 

A solution of pyridine-4-ethanamine (1.54 g, 12.6 mmol) in dichloromethanc . 
(15 mL) was treated at 0°C with di-i-butyl dicarbonate (2.75 g. 12.6 mmol) and 
triethylamine (1.76 mL, 12.6 mmol), and stirred at RT for 3 d. The mixture was diluted 
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with chloroform, washed with 5% sodium carbonate, dried (magnesium sulfate) and 
concentrated. The residue was purified by flash chromatography (silica gel, 80% ethyl 
acctate/hexane) to give the tide compound 1.01 g (36%). NMR (90 MHz, CDCI3) 5 
8.53 (d, 2H, J=4.5 Hz), 7.17 (d, 2H, J=4.5 Hz). 5.77 (br s, IH), 3.40 (d of t, 2H, 
5 J=6.0. 7.5 Hz), 2.83 (t, 2H, J=7.5 Hz), 1.45 (s, 9H). 

b) 4-[2-[N-(i-butoxycarbonyl)aminoethyl]]pip)eridine 

A mixture of the compound of Preparation 16(a) (1.01 g, 4.54 mmol) and platinum 
oxide (150 mg) in ethanol was shaken under hydrogen at RT for 4 h. Additional IN 

10 hydrochloric acid (4 mL) and platinum oxide (1(X) mg) was added and the reaction mixmre 
shaken with hydrogen at RT for 1 h and then allowed to sit at neutral pH (adjusted with 
5% sodium carbonate) under argon for 18 h. The catalyst was removed by filtration 
through Celite® and the filtrate was concentrated. The residue was concendrated twice 
from methanolitoluene, taken into chloroform, filtered and concentrated to give the tide 

15 compound which was used without purification. 

Preparation 17 

Preparation of N>methvl-2-fl-methvl-1.2.5.6-tetrahvdropvrid-4-vnethanamine. 
20 dihvdrochloride 

a) N-(t-butoxycarbonyl)-N-methy l-2-( l-methyl-pyrid-4-yl)etiianamine 

A mixture of N-methyl-2-(pyrid-4-yl)ethanamine (4.1 g, 30 mmol), di-t-butyl 
dicarbonate (26.2 g, 120 mmol) and triethylamine (15.2 g, 150 mmol) in dichloromethane 
(100 mL) was stirred for 16 h, concentrated, and the residue was diluted with water and 
25 extracted with dichloromethane. The organic phase was washed, dried (magnesium 
sulfate) and concentrated. The residue was chromatographed (silica gel, 5% 
methanohdichloromethane) to give the tide compound (4 g, 56%). 

b) N-(t-butoxycarbonyl>-N-methyl-2-(l-methyl-4-pyridinium)ethanamine iodide 

30 A mixture of the compound of Preparation 17(a) (2 g, 10 mmol) and iodomethane 

(21.2 g, 150 mmol) in acetonitrile (30 mL) was heated to reflux for 2 h. The mixture was 
concentrated and the residue was dissolved in dichloromethane, decolorized with charcoal, 
filtered and the filtrate was concentrated. The residue was treated with ether to give the tide 
compound (3.0 g, 79%) as a yellow solid. MS(ES) m/e 251 IM-I]+. 

35 
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c) N-(t-butoxycarbonyl)-N-methyi-2-(l-methyl-1.2,5,6-teirahydropyiid-^^^^ 
dihydrochloride 

The compound of Preparation 17(b), 0.95 g, 25 mmol) was dissolved in methanol 
(30 mL), treated with sodium borohydride (0.38 g. 10 mmol) and stiired for 2 h. The 
5 mixture was concentrated, dissolved in water and extracted with dichloromethane. The 
organic phase was dried (magnesium sulfate), concentrated and the residue was treated 
with 4N hydrogen chloride in dioxane (5 mL) overnight. The mixture was concentrated 
and the residue was azeotroped with toluene. The resulting solid was triturated with ether 
to give the tide compound (0.5 g, 89%). 

10 

preparation 18 

prypararion of 3-rN>(Nbutoxvcarhnnvnpiperi din-4-vnDroDiona1dehvde 

To a stirred solution of oxalyl chloride (2 mL, 22 mmol) in dry dichlorometiiane . 

15 (50 mL) at -TS^'C under argon, was added dropwise a solution of dimeuiyisuifoxide (3.4 
mL. 44 mmol) in dichloromethane (10 mL). After 2 min, a solution of 3-[N-(t- 
butoxycarbonyl)piperidin-4-yl]propanol (4.86 g, 20 mmol) in dichlorometiiane (10 mL) 
was added dropwise over 5 min. After stirring an additional 15 min at -78^C, trietiiylanune 
(14 mL) was added dropwise. After 5 min, die reaction became a thick white sluny and 

20 was allowed to warm to RT and stirred for 16 h. The reaction mixture was washed with 
cold IN hydrochloric acid and with brine, dried (magnesium sulfate) and concentrated. 
The residue was purified by flash chromatography (silica gel, 30% etiiyl acetate/hexane) to 
yield the title compound (4.18g, 87%). TLC Rf 0.40 (30% ethyl acetate/hexane); 
NMR (eDCl3) 6 0.95-1.80 (7H. m), 1.48 (9H, s), 2.40-2.90 (4H, m), 4.14 (2H, br dt), 

25 9.88 (lH,t). 

Preparation 19 

Preparation of 4-rN-ft-butoxv carbonvnaminQmethvll 

30 benzaldehvde 

a) 4-[N-(t-butoxycarbonyl)aminometiiyl]ben2yl alcohol 

To a stirred solution of 4-[N-(t-butoxycarbonyl)-aminomethyl]benzoic acid (16.5 
g, 65 mmol) and triethylaminc (10 mL, 71 mmol) in dry THF (500 mL) at OT was added 
etiiyl chloroformaie (7.5 mL, 78 mmol) dropwise. After stirring for 15 min, sodium 

35 borohydride (6g, 159 mmol) was added in one portion and die reaction was allowed to 
warm to RT and stirred for 16 h. The reaction was cooled in an ice batii and carefully 
quenched with IN hydrochloric acid, extracted with ethyl acetate, and the organic phase 
was washed with brine, dried (magnesium sulfate), and concentrated. The residue was 
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purified by flash chromatography (silica gel, 20% ethyl acetatexhloroform) to give the title 
compound (10.07 g, 65%) as a white solid. TLC Rf 0.31 (20% ethyl acetatexhloroform); 
iH NMR (CDCI3) 5 1.46 (9H. s), 3.28 (IH. br s), 4.27 (2H, d, J=6Hz), 4.65 (2H. s). 
5.04 (IH, br s), 7.30 (4H, dd). 

5 

b)4-[N-(t-butoxycarbonyl)aminomethyl]benzaldehyde 

To a solution of the compound of Preparation 19(a) (4.0 g, 16,9 mmol) in dry 
dichloromethane (50 mL) was added manganese dioxide (10 g, 1 15 mmol). The mixture 
was stirred and refluxcd for 16 h and filtered hot through a pad of Celite® which was 
10 rinsed with dichloromethane. The filtrate was concentrated to give the title compound 
(3.55g, 89%) as a white solid. TLC Rf 0.45 (5% methanol/chlorofonn); ^HNMR 
(CDCI3) 5 1.49 (9H, s), 4.43 (2H. d, J=6Hz), 5.15 (IH, br s), 7.51 (2H. d, J=8Hz), 
7.92 (2H, d, J=8Hz), 10.10 (lH,s). 

15 Preparation 20 

Preparation of 2-f 2-f aminolpvrid-4-vn-N-methvl-ethanamine 

a) 2-[2-(amino)pyrid-4-yl]-N-formyl-N-methyl-ethananiine 

To a stirred solution of the compound of Preparation 13(j) (1.5 g, 7.1 mmol) in IN 
20 sodium hydroxide (14.3 mL), water (15 mL) and THF (30 mL) was added dropwise a 
solution of 4-nitrophenyl formate (1.3 g. 7.8 mmol) in THF (15 mL). After stirring for 
16 h, the reaction was concentrated and the residue was purified by flash chromatography 
(silica gel, 15:85:0.1 methanol/chloroform:ammonium hydroxide) to give the tide 
compound (1.14 g, 96%) as a slightly yellowish soUd. TLC Rf 0.32 (90:10:0.1, 
25 chloTofonn:methanol:animonium hydroxide); NMR (CDCI3) 5 2.77 (2H, t), 3.57 
(2H, dt), 4.84 (2H, br s), 6.47 (IH, s), 6.57 (IH, d, J=6Hz). 6.94 (IH, br s), 8.0 (IH, 
d, J=6Hz), 8.21 (IH, s). 

b) 2-[2-(amino)pyrid-4-yl]-N-methyl-ethanamine 

30 To a stirred solution of the compound of Preparation 20(a) (0.5 g, 3 mmol) in dry 

THF (30 mL) was added diopwise, at 0®C under argon, a solution of IN lithium aluminum 
hydride in THF (20 mL, 20 mmol). The reaction was allowed to warm to RT and was 
heated to reflux for 16 h. After cooling to O^'C, the reaction was carefully quenched with 
ethyl acetate (2 mL), water (0.8 mL), 15% sodium hydroxide (0.8 mL) and water (2.3 

35 mL). The resulting suspension was sriixed for 15 min, filtered tiirough Celite®, and the 
filtrate was concentrated. The residue was purified by flash chromatography (silica gel, 
75:25:0.1 chlorofonn:methanol:ammonium hydroxide) to afford the tide compound (0.30 
g, 66%). TLC Rf 0.16 (80:20:0,1, chloroform:methanol:ammonium hydroxide); ^H 



I 
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NMR (CDCI3) 5 2.45 (3H. s). 2.82 (4H, dt). 4.95 (3H, br s), 6.53 (IH, s). 6.57 (IH, d, 
J=:6Hz), 7.87 (IH, d. J=6Hz). 

Preparation 21 

Preparation of A-fN-ft-butoxvcarbonynpiDerazin-l-vllbut-l-vne 

A mixnire of butyn-l-yl-4-tosylate (0.4 g, 1.7 mmol). N-(t- 
butoxycarbonyOpiperazine (0.28 g, 1.5 mmol) and sodium bicarbonate (0.15 g, 1.7 
mmol) in dimethylformamide (7 mL) was srimed and heated to SO^C, The mixture was 
10 concentrated and the residue was pardtioned between dichloromethane and water. The 
organic phase was washed with brine, dried (magnesium sulfate) and concentrated to give 
the tide compound (0.38 g) as an oil: NMR (400 MHz, CDCis) 5 3.45 (m. 4H), 2.60 
(t. 2H), 2.42 (m, 4H). 2.38 (t, 2H), 1.99 (s, IH), 1.98 (s, 9H). 

IS Preparation 22 

Preparation of N-d-butoxvcarbonvl V4.4'-bipiperidine 

4,4 -Bipiperidine dihydrochloride (2.5 g, 10 mmol) was dissolved in water (10 
mL) and treated with 5N sodium hydroxide to pH 8-9, diluted to 120 mL with ethanol and 

20 stirred at RT. The resulting mbcture was treated with di-t-butyl dicarbonate (2.4 g, 1 1 
mmol) in ethanol (80 mL) in one portion and the mixture stined at RT, with periodic 
additions of 5N sodium hydroxide to maintain a pH of 8-9. After 5 h, the mixture was 
concentrated and the residue was dissolved in a mixture of 1:1 ethenwater (1(X) mL) and 
the pH adjusted to 12 with 5N sodium hydroxide. The aqueous phase was extracted with 

25 ether and the organic phase was washed sequentially with brine, dilute citric acid, and 
water. The aqueous phase was adjusted to pH 12-13 with 5N sodium hydroxide and 
extracted with ether. The organic phase was washed with brine, dried (sodium sulfate), 
concentrated to a clear oil and dried in vacuo to give the title compound (1.7 g, 63%) as a 
solid TLC Rf 0.4 (Kieselgel 60 F254, 15:3:2 2-butanol:formic acid:water); MS (ES) m/e 

30 268.3 [M+H]+ 

Preparation 23 

35 Preparation of fRSV7-rrr4-faminoiminomethvl^phenvll-carbQnvn-amino1-l-methvl-3-oxo- 
4-(2-phenvlethvlV1.3.4.5-tetrahvdro-2H-1.4-benzodiazcpine-2-aceticacid 



a) P-benzyl (RS)-N-methyl-aspartate 
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The title compound was prepared according to the procedure of Benoiton, L., Can. 
J, Chem., 40. 570 (1962). Sulfuric acid (3.5 mL) was added to anhydrous diethyl ether 
(35 mL), followed by benzyl alcohol (35 mL). The ether was removed under vacuum and 
finely ground (RS)-N-methyl-aspartic acid (5 g, 34 mmol) was added, in portions, while 
5 the mixture was magnetically stirred. After 24 h, ethanol (70 mL) was added, followed by 
dropwise addition of pyridine (17 mL). The mixture was cooled overnight, and filtered to 
give the tide compound (6.6 g, 82%). Mp 219-220*^0. 

b) (RS)-P-benzyl N-Boc-N-methyl-aspartate 

10 P-benzyl (RS)-N-methyl-aspartate (6.6 g. 27.8. mmol), triethylamine (3.9 mL), 

and di-t-butyl-dicarbonate (6.1 g, 27.8 mmol) were suspended in DMF (45 mL). Upon 
dissolution the reaction mixture was treated with cold KHSO4 solution, extracted with 
EtOAc, dried over MgS04, and evaporated to give the tide compound (6.8 g, 72%). MS 
. m/e 338 [M+H]+. 

15 

c) 2-fluoro-5-nitro-[N-(2-phenylethyl)]-benzylamine 

2-Ruoro-5-nitro-benzaldehyde (1L9 g, 70 mmol) and 2-phenylethylamine (13 
mL, 0.1 mol) were dissolved in methanol (150 mL) and glacial acetic acid (15 mL). The 
solution was cooled to 0°C, and sodium cyanoborohydride (6.6 g, 0.1 mol) was added 

20 portionwise. The reaction was adjusted to pH 6 with acetic acid and stirred at room 

temperature for 24 h. The reaction mixture was quenched with ice and diluted with water. 
The pH was adjusted to 1 1 with sodium hydroxide and the mixture was extracted with 
EtOAc. The organic extracts were washed with cold dilute HCl solution and a solid 
precipitated. Filtration yielded the tide compound (15.6 g, 82%). Mp 235-6*^0; MS m/e 

25 275 [M+H]+. 

d) (RS)-N-[(l,l-dimethyleihoxy)carbonyl]-N-methyl-0-ben2yl-aspaxtyl[(N'-(2-fiuoro-5- 
nitro-benzyl),N'-(2-phenylethyl)]amide 

A solution of the compound of Preparation 23(c) (4.0 g, 1 L9 mmol) in CH2CI2 
30 (45 mL) was stirred at room temperature under an argon atmosphere. Triethylamine (3.0 
mL) and BOP reagent (3.3 g, 1 1.9 mmol) were added, followed by the compound from 
Preparation 23(b) (6.0 g, 17.8 mmol). The reaction mixture was stirred overnight at room 
temperature, and poured into ice water (350 mL). The mixture was extract^ with ethyl 
acetate. The combined organic extracts were washed with 1 M KHS04, water, 5% 
35 NaHCOs and brine, and dried over MgS04. Filtration of the mixture, evaporation of the 
filtrate, and flash chromatography yielded the title compound (2.0 g, 29%). MS m/e 594.2 
[M+H]+ 
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e) (RS)-N-methyl-0-benzyl-aspanyl[(N'-(2-fluoro-5-nitro:benzyl),N'-(2- 

phenylethyl)]amide 

The compound of Preparation 23(d) (2.0 g, 3.4 mmol) was stirred with 4M 
HCl/dioxane (9 mL) for 18 h. Evaporation of the solvents in vacuo yielded the title 
5 compound. 

f) benzyl l-methyl-7-nitro-3-oxo-4.(2-phenylethyl)-l,3,4,5-tetrahydro-2H-l,4- 
benzodiazepine-2-acetate 

To a solution of the compound of Preparation 23(e) (2.0 3.4 mmol) in DMSO 
10 (50 mL), triethylamine (2.4 mL) was added. The reaction mixture was stirred overnight, 
poured into water and extracted with ethyl acetate. The combined organic phases were 
washed with brine and dried over sodium sulfate. Filtration and concentration of the 
organic extracts in vacuo yielded the .title compound (1.6 g, 98%). MS m/e 474.2 
[M+H]+. 

15 

g) benzyl 7-amino-l-methyl-3-oxo-4-(2-phenylethyl)-1.3,4,5-tetrahydn>-2H-l,4. 

benzodiazepine-2-acetate 

A solution of the compound of Preparation 23(f) (L6 g, 3.38 mmol) in ethyl 
acetate (100 mL) and platinum oxide catalyst (0.6 g) was shaken on a Parr shaker under 
20 hydrogen (40 psi) for 24 h. The catalyst was filtered from tiie solution and tiie solvent was 
evaporated in vacuo to yield the title compound (1.5 g, 98%). MS m/e 444,2 [M+H]+. 

h) benzyl 7-[[[4-(benzyloxycarbonyl-aminoiminomcthyl)phenyl]-carbonyl]amino]-l- 
methyl-3-oxo-4-(2-phenylcthyl)-l,3,4,5-tetrahydro-2H-l,4-benzodia2epine-2-acetate 

25 A mixture of the compound of Preparation 23(g) (1 .5 g, 3.4 mmol), p- 

(benzyloxycarbonylamidino)benzoic acid (LOl g, 3.4 mmol), BOP reagent (1.5 g. 3.4 
mmol).and triethylamine (1.0 mL) in DMF (12 mL) was stirred overnight under an argon 
atmosphere. The solution was poured into a mixnire of ice water (160 mL) and 5% 
NaHC03 (14 mL). and the resulting precipitate was filtered The filtered solid was 

30 dissolved in CH2CI2, dried over sodium sulfate, filtered, and tiie filtrate was concentrated 
in vacuo to a solid (3.2 g). This material was chromatographed (silica gel, 65% 
EtOAc/hexane) to yield the tide compound (1.5 g. 61%). MS m/e 724 [M+H]+. 

i) 7-[[[4-(aminoiminometiiyl)phenyl]-carbonyl]amino]-l-metiiyl-3-oxo-4-(2-phenylethyl)- 
35 1 ,3,4.5-tetrahydro-2H- 1 ,4-benzodiazepine-2-acetic acid benzyl ester, 

and 

7-[[[4-(aminoiminomethyl)phenyl]-carbonyl]amino]-l-methyl-3-oxo-4-(2-phenylethyl)- 
1 3,4,5-teirahydro-2H-l ,4-benzodiazepine-2-acetic acid 
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To a solution of the compound of Preparation 23(h) (1.5 g, 2.1 mmol) in 1:1 
glacial acetic acidieihyl acetate (30 mL) and concentrated hydrochloric acid (0,5 mL), 10% 
palladium on carbon catalyst (13 g, activated) was added. The mixture was hydrogenated 
in a Parr shaker (45 psi) for 6 h. The reaction mixture was filtered, the filtrate was 
5 evaporated and a portion (0.36 g) of the resulting residue was purified on HPLC (silica 
gel-ODS, 32% CH3CN/H2O-0.1% TFA) to yield the tide benzyl ester and acid. For 
benzyl ester: Anal. (C35H35N504-TFA.H20) caicd: C, 61.58; H,5.31; N, 9.70. found: 
C, 61.52; H. 5.00; N, 9.45. For the acid: ESMS m/e 590 [M+H]+. 

10 Prgp^rion 24 

Preparation of f R.S V8-rrr4 -f aminoiminomethvnphen vllaminQl-carbonvn- 1 .2.4.5- 
tetrahvdro3-oxo-4-f2 -phenvlethvIV3H-L4-benzodiazeDine-2-acetic acid, dihvdrochloride 

• 15 a) t-butyl 3-nitro-4-[N-(2-phenylethyl)aminomethyl]benzoatc, and t-butyl 3-nitro-4-[N-(t- 
butoxycarbonyl)-N-(2-phenylethyl)aminomethyl]benzoate 

A solution of t-butyl 4-bromomethyl-3-nitrobenzoate [prepared by the method in 
Inr /. Peptide Res., 36, 31 (1990)] (1.6 g. 0.005 mol) in CH2CI2 (10 mL) was added 
dropwise, over 15 min, to a solution of phenethylamine (1.89 g, 0.015 mol) in C2i2Cl2 

20 (50 mL). The mixture was stiired at room temperature under argon for 24 h and 

concentrated in vacuo. The residue was dissolved in THF (SO mL) and treated with a 
solution of triethylamine (2.5 g, 0.025 mol) and di-t-butyl dicarbonate (4.4 g, 0.02 mol) in 
THF (SO mL). The resulting mixture was stiired overnight at room temperature under 
argon and concentrated in vacuo. The residue was dissolved in ethyl acetate, washed with 

25 water and dried with sodium sulfate. The organic phase was concentrated in vacuo and the 
residue was triturated with ethyl acetate:hexane (15:85) to yield the tide compound (0.87 g, 
37%). MpllO-113°C. 

The filtrate was chromatographed (silica gel, ethyl acetatezhexane 15:85) to yield 
additional compound (0.5 g, 21 %). Mp 1 13- 1 15°C. 

30 

b) t-butyl 3-amino-4-[N-(t-butoxycarbonyl)-N-(2-phenylethyl)aminomethyl]benzoate 

A mixture of the compound of Preparation 24(a) (1.3 g, 0.0028 mol), ethanol (125 
mL) and 10% Pd/C (0.32 g) was shaken under a hydrogen atmosphere (40 psi) for 50 
min. The mixture was filtered and the filtrate was concentrated in vacuo to give the title 
35 compound. Mp 105-106°C. 
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c) t-butyl (E/Z)-3-[2-(l,4-dimethcxy-l,4-dioxo-2-butenyl)aminol-4-[N-(t- 
butoxycarbonyl)-N-(2-phenylethyl)aminoinethyl]benzoate 

A solution of the compound of Preparation 24(b) (1.15 g, 0.0027 mol) in methanol 
(50 mL) was treated with dimethyl acetylenedicarboxylate (0.45 g, 0.0032 mol) and die 
5 resulting solution was heated to reflux under argon for 1 h. The mixture was concentrated 
in vacuo and the residue was chromatographed (silica gel, ethyl acetate.hexane 20:80) to 
give the title compound (1.3 g, 85%). 

d) t-butyl (R,S)-3-[2-(l ,4-dimethoxy- 1 ,4-dioxo-2-butyl)-amino]-4-[N-(t-butoxycarbonyl)- 
10 N-(2-phenylethyl)aminomethyl]-benzoate 

A solution of die compound of Preparation 24(c) ( 1 .3 g, 0.0023 mol) in metiianol 
(100 mL) containing 10% Pd/C (0.38 g) was shaken in a hydrogen atmosphere (40 psi) 
for 4.5 h. The mixture was filtered and the filtrate concentrated in vacuo to yield the ride 
compound. 

15 

e) methyl (R,S)-8-caiboxy-l,2,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)-3H-l,4- 

benzodiazepine-2-acetate 

A solution of die compound of Preparation 24(d) (1.3 g. 0.003 mol) in CH2CI2 

(50 mL) and TFA (50 mL) was kept at room temperamre under argon overnight. The 
20 mixture was conceno^ted in vacuo to give a residue containing crude (R,S)-3-[2-(l,4- 

dimethoxy-l,4-dioxo-2-butyl)amino]-4-[N-(2-phenylethyl)aminometfiyl]benzoicacid. 

The residue was dissolved in anhydrous methanol (70 mL), treated widi methanolic . 

sodium medioxide (1 .6 mL, 0.007 mol) and heated to reflux for 8 h. The mixture was 

kept at room temperature for 14 h, treated widi IN HCl in diethyl etfier (7.5 mL), 
25 concentrated in vacuo, treated with medianol (3 x 20 mL) and concentrated in vacuo. The 

residue was dissolved in metiianol:CH2Cl2:aceric acid (10:90:0.4, 15 mL), filtered and 

chromatographed (silica gel, methanol:CH2a2:acetic acid 10:90:0.4) to give the tide 

compound (0.66 g, 70%). 

The solid was dissolved in CH2CI2 (30 mL) and treated wdth IN HCl in dietiiyl 
30 ether (3 mL) to give methyl (R,S)-8-carboxy- 1 ,2.4,5-tetrahydro-3-oxo-4-(2-phenylctiiyl)- 
3H- l,4-ben20diazcpine-2-acetate hydrochloride. 

f) mediyl (R,S)-8-chlorocarbonyl-l,2.4.5-tetrahydro-3-oxo-4-(2-phenyleUiyl)-3H-l,4- 
benzodiazepine-2-acetate, hydrochloride 

35 A mixture of die hydrochloride salt of the compound of Preparation 24(e) (0.2 g, 

0.5 mmol) and diionyl chloride (6 mL) was heated to reflux under argon for 15 min. The 
mixnire was concentrated in vacuo, treated widi CH2a2 (3 x 20 mL) and concentrated in 
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vacm to give methyl (R,S)-8-chlorocarbonyH,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- 
3H- 1 ,4-bcnzodiazepine-2-acetate hydrochloride as a yellow solid. 

g) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)- 

5 aminoiminomethyl]phenyl]amino]carbonyl]-l,2,4,5-tetrahydro-3-oxo-4-(2-phenyIethyl)- 

3H- 1 ,4-ben20dia2epine-2-acetate 

A solution of 4-[N-(benzyloxycarbonyl)-aminoiminomethyl]aniline (0. 1 3 g, 0.5 
mmol) and diisopropylethylamine (0.062 g. 0.5 mmol) in CH2CI2 (25 mL) was added a 
solution of the compound of Preparation 24(f) in CH2CI2 (5 mL). The mixture was kept at 

10 room temperature for 20 h. treated with diisopropylethylamine (0.15 g) and washed with 
water. The organic phase was dried with sodium sulfate and concentrated in vacuo. The 
residue was purified by preparative TLC (silica gel, methanol:CH2Cl2 5:95) and elated 
with methanol-CH2Cl2-diisopropylethylamine to the title compound (0.14 g, 46%). 
MS(ES) m/e 634 [M+HJ+. Anal.(C36H35N506«Ha'2.5H20) clacd: C. 60.45; H, 5.78; 

15 N, 9.79. found C, 60.51; H, 5.58; N. 9.84. 

h) methyl (R,S)-8-[[(4-(aminoiminomethyl)phenyl]amino]-carbonyl]-i;2,4,5-tetrahydro- 
3-oxo-4-(2-phenylethyl)-3H-l,4-benzodiazepine-2-acetate 

A solution of the compound of Preparation 24(g) (0. 13 g, 0.2 mmol) and 10% 
20 Pd/C (0.1 g) in methanol (50 mL) and IN HCl in diethyl ether (1.0 mL) was shaken under 
a hydrogen atmosphere (30 psi) at room temperature for 30 min. The mixture was filtered 
and the filtrate concentrated in vacuo to yield the title compound. IH NMR ((2D3OD, 400 
MHz) d 8.0 (d, 2H). 7,8 (d, 2H). 7.0-7.25 (m, 8H), 5.5 (d, IH), 5.15 (m, IH). 3.9 (d, 
IH), 3.75 (m, IH). 3.7 (s, 3H). 3.65 (m. IH). 2.95 (dd. IH), 2.75 (t, 2H), 2.65 (dd, 
25 IH); MS(ES) m/e 500.2 [M+H]+. 

i) (R,S)-8-[H4-(aminoiminomethyl)phenyI]amino]carbonyl]-lA4,5-tetrahydro-3-oxo-4- 
(2-phenylethyl)-3H-l,4-benzodiazcpine-2-acetate, dihydrochloride 

A solution of the compound of Preparation 24(h) (0.1 g, 0.175 mmol) in a mixture 
30 of methanol (20 mL), water (2 mL) and IN NaOH (1 mL) was stined at room temperature 
for 19 h. The mixmre was acidified to pH 1 with 3N HCl, concentrated in vacuo and 
purified by HPLC-RT 21 .19 min (YMC ODS-AQ®, 50 x 250 mm, 1.5 mL/min, 33% 
AN/W-TFA, UV detection at 220 nm). Fractions containing product were pooled and 
lypophylized, redissolved in water (70 mL), 6N HCl (2 mL) and acetonitrile, and 
35 lyophylized to yield the ride compound (0.37 g, 40%). MS(E1) m/e 486 [M+H1+ • 
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Preparation 25 

PTPpararinn of rR.SVS-rrri.faminniTnin o methvnohenvll-methvlaminolcarbonvn-l .2.4..'>- 

^^nT^ )ivrim.:^Qxo-4-f2-ph >'nvi'-thvn.lH-T.4-benzodiazenine-2-aceticacid 

5 

a) 4-(aminomethyl)benzonitrile 

A solution of 4-aminobenzorutrile (5.91 g. 50 mmol) and TFA (0.19 mL, 2.5 
mmol) in dry, distiUed triethylorthoformate (100 mL) was heated to reflux under argon. 
After 0.5 h at reflux, the yellow solution was concentrated to dryness in vacuo to leave a 

10 yellow oil which crystallized on drying in high vacuum. The solid was dissolved in 

absolute EtOH (100 mL). cooled to O'C under argon, and NaBH4 (5.68 g, 150 mmol) was 
added. The mixnire was allowed to warm to room temperature over 0.5 h and heated to 
reflux. After 1 h, the thick mixture was concentrated in vacuo, and the residue was 
partitioned between H2O (100 mL) and Et20 (100 mL). The layers were separated, and 

1.5 the aqueous layer was extracted vwth Et20. The combined organic layers were dried 
(MgS04) and concentrated to a yellow solid. The solid was purified by chromatography 
(silica gel, 30% EtOAc/hexane) to yield the title compound as a faintly yeDow solid (6.10 
g, 92%). TLC Rf 0.45 (silica gel, 30% EtOAc^exane); 1H NMR (250 MHz, CDCI3) 5 
743 (d. 2H). 6.55 (d, 2H), 4.39 (br s. IH), 2.88 (s. 3H); IR (CHQs) 3460, 2220, 

20 1610, 1528. 1337, 1 176, 823 cm* ^ ; MS(ES) m/e 133.0 IM+H]+. 

b) 4-aminomediyl-(N-t-benzyloxycarbonyl)benzamidine 

A solution of trimethylaluminum in toluene (2.0M, 51 mL, 102 mmol) was added 
over 4 min to a suspension of powdered NH4a (5.46 g, 102 mmol) in dry toluene (5 1 

25 mL) in a flame-dried flask at 0°C under argon. The ice bath was then removed and the 
reaction was allowed to stir at room temperamre until gas evolution ceased (1 h). The 
compound of Preparation 25(a) (4.49 g, 34 mmol) was added, and die reaction was 
warmed to SO'C (oil badi). Gas evolution occurred on warming. After 23 h at 80°C, die 
reaction was cooled to room temperature and poured into a stirred slurry of silica gel (170 

30 g) in CHCI3 (500 mL), causing a significanUy exothermic reaction. The resulting mixture 
was stirred for 0.5 h, tiien was filtered, and die filter pad was washed widi MeOH (1 L). 
The filtrate was concentrated to a yellow solid which was dried under high vacuum at 50- 
60''C for 0.5 h. The resulting material was used witiiout further purification. 

The material was dissolved in THF (136 mL) and H2O (34 mL), and the solution 

35 was cooled to 0**C. 5N NaOH (20 mL, 100 mmol) was added dropwise, and die resulting 
two-phase mixture was cooled for an additional 5 min. Benzyl chloroformate (4.85 mL, 
34 mmol) was added dropwise, and the reaction was stirred at O^C for 0 J h. The THF 
was removed in vacuo and the residue was extracted with CH2a2. followed by EtOAc. 
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The combined organic extracts were dried (Na2S04) and concentrated to an off-white 
solid. Chromatography (silica gel, 3:2 EtOAc:hexane) gave the tide compound as an off-, 
white solid (6.50 g, 67%). For characterization purposes, a small sample was 
recrystallized from EtOAc/hexane. Mp 141-143°C; TLC Rf 0.49 (silica gel, 3:2 
5 EtOAc:hexane); NMR (400 MHz, CDCI3) 5 7.77 (d, 2H). 7.45 (m, 2H), 7.27-7.38 
(m, 3H), 6.56 (d, 2H), 5.20 (s, 2H), 4.28 (br s, IH), 2.88 (s, 3H); IR (CHCI3) 3500, 
3450, 3310, 1648. 1608. 1575, 1493. 1263, 1141 cm-^; MS(ES) m/e 284,2 [M+H]+ 

c) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)- 

10 aminoiminomethyl]phenyl]methylamino]carbonyl]- 1 ,2,4,5-tetrahydro-3-oxo-4-(2- 
phenylethy 1)-3H- 1 ,4-benzodia2epine-2-acetate 

The compound of Preparation 24(e) (382.4 mg, 1.0 mmol) was rcfluxed with 
SOCI2 (10 mL) for 15 min, and the solution was concentrated to dryness in vacuo. The 
residue was dissolved in dry toluene (5 mL), reconcentrated in vacuo to zemove residual 

15 SOCI2, and dissolved in dry CH2CI2 (2.5 mL). This solution was added dropwise over 
5 min to a well-stmred solution of the compound of Preparation 25(b) (0.85 g, 3.0 mmol) 
and dry pyridine (0.40 mL, 5 mmol) in diy CH2CI2 (30 mL) at O^C under argon. The 
resulting orangish-yellow mixture was warmed to room temperature, stirred for 1 h, 
diluted with EtOAc (100 mL) and washed with 5% aq. NaHC03. The solution was dried 

20 (Na2S04), concentrated, and purified by chromatography (silica gel, 9:1 EtOAc/toluene) 
to yield die title compound (441.6 mg, 68%). TLC Rf 0.38 (silica gel, 9:1 
EtOAcrtoluene); NMR (400 MHz, CDCI3) 5 7.71 (d, J=8.5 Hz, 2H), 7.02-7.46 (m, 
12H), 6.62 (d. J=1.4 Hz. IH), 6.56 (d, J=7.8 Hz, IH), 6.38 (dd. J=7.8, 1.4 Hz, IH), 
5.19 (s, 2H). 5.18 (d. J=16.8 Hz, IH), 4.85-4.93 (m. IH). 4.17 (d. J=5.3 Hz, IH). 

25 3.71 (s, 3H), 3.57-3.70 (m, 2H). 3.53 (d, J=16.8 Hz. IH), 3.44 (s, 3H), 2.90 (dd, 
J=16.1. 6.9 Hz. IH). 2.63-2.79 (m. 2H). 2.58 (dd, J=16*l. 6.3 Hz, IH); IR (CHCI3) 
3160-3540 (br). 3490, 3300, 1733, 1655. 1616, 1577. 1500, 1443. 1380. 1271, 1149, 
1 1 10 cm-1; MS(ES) m/e 648.4 [M+H]+ 

30 d) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]-metiiylamino]-carbonyl]-l,2,4,5-tetrahydro- 
3-oxo-4-(2-phenylethyI)- IH- 1 ,4-bcnzodiazepine-2-acetic acid 

A mixture containing the compound of Preparation 25(c) (5562 mg, 0.86 mmol), 
10% Pd/C (0.18 g, 0.17 mmol), TPA (0.07 mL, 0.86 mmol), EtOAc (15 mL) and MeOH 
(15 mL) was shaken at room temperature under H2 (30 psi). After 1.5 h, the catalyst was 

35 filtered and the illtrate was concentrated to diyness. The residue was resubmitted to the 
hydrogenation conditions described above using fresh catalyst. After another 1.5 h, the 
reaction was filtered, the filter pad was washed thoroughly with EtOAc and with MeOH, 
and the filtrate was concentrated to dryness. The residue was dissolved in MeOH (30 
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mL), and IN NaOH (3.4 mL, 3.4 mmol) was added. The yellow solution was stirred at 
room temperature overnight, and concentrated in vacuo. The residue was dissolved in 
CH3CN:H20 (1:1, 8.6 mL) and cooled to O^'C. TFA (0.66 mL, 8.6 mmol) was added, 
and the resulting solution was concentrated to dryness in vacuo (CH3CN azeotrope). The 

5 residue was purified by reversed-phase flash chromatography (ODS-silica gel, 25% 
CH3CN/H2O-0.1% TFA), and lyophilized to yield the title compound as a faindy yellow 
powder (403.4 mg, 68%). HPLC k' 9.1 (PRP-1® column; 25% CH3CN-H2O 0.1% 
TFA); NMR (400 MHz, CD3OD) 5 7.67 (m, 2H) 7.37 (m, 2H), 7.06-7.25 (m, 5H), 
6.74 (d, J=7.8 Hz, IH). 6.64 (d. J=1.6 Hz, IH), 6.40 (dd, J=7.8, 1.6 Hz. IH), 5.33 (d, 

10 J=16.9 Hz, IH). 5.01 (dd, J=9.0, 5.1 Hz, IH), 3.77 (d. J=16.9 Hz, IH), 3.53-3.71 (m, 
2H), 3.46 (s, 3H). 2.88 (dd, J=16.7, 9.0 Hz, IH), 2.60-2.75 (m. 2H), 2.58 (dd, 
J==16.7, 5.1 Hz. IH); MS(ES) m/e 500.2 [M+H]+; Anal, calcd (C28H29N5D4-L5 
TFA-H20): C, 54.07; H, 4.76; N, 10.17. found: C, 53.73; H, 4.94; N, 9.84. 

15 P^py^tipn 26 

Preparation of fR.SV8>rrf4-famino iminQmethvnphenvll-carbonvl1aminoVl.2A5- 
tetrahvdro-3-oxr>4-f2-phenvlethvlV3H-14-benz QdiazeDine-2-agericacid.tri^ 

20 a) metiiyl (R,S)-8-azidocarbonyl-l,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-3H-l,4- 

benzodiazepine-2-acetate 

The compound of Preparation 24(0 (0.6 g, 1.3 mmol) was dissolved in dry 

acetone (6 mL) and added dropwise to a solution of sodium azide (120 mg, 1.8 mmol) in 

water (3 mL) stirred in an ice bath. The nuxture was stirred for 1 h, diluted with water (15 
25 mL) and extracted with ethyl acetate. The organic phase was dried over MgS04 and 

concentrated in vacuo to yield the tide compound (0.55 g, 90%). 

b) methyl (R,S)-8-amino-1.2,4,5-tetrahydro-3-oxor4-(2-phenylcthyl)-3H-l,4- 

benzodiazepine-2-acetate 
30 A solution of the compound of Preparation 26(a) (0.55 g, 1,1 mmol) in dry toluene 

(12 mL) was heated to 80°C in an argon atmosphere for 2 h. The mixture was 

concentrated in vacuo to yield methyl (R,S)-8-isocyanato-l^,4,5-tetrahydro-3-oxo-4-(2- 

phenylethyl)-3H- 1 ,4-benzodiazepine-2-acetate. 

The residue was stirred in 3N HCl (6 mL) and THF (10 mL) for 1 h. The mixture 
35 was concentrated in vacuo and solid sodium bicarbonate was added to pH 8. The mixture 

was extracted witii ethyl acetate and the organic phase was dried with MgS04 and 

concentrated in vacuo to give methyl (R,S)-8-amino-l,2,4^-teirahydro-3-oxo-4-(2- 

phenylethyI)-3H-l ,4-benzodiazepine-2-acetate (0.3 g, 67%). 
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c) methyl (R.S)-8-[[[4-[N-(benzyloxycarbonyl)- 

aminoiminomethyl]phenyl]carbonyl]amino]-l,2.4,5-tetrahydroO-oxo-4-(2-p^^ 
3H- 1 ,4-benzodiazepine-2-acetate 

5 A mbcture of 4-[N-(ben2yloxycarbonyl)-(aminoimino-methyl)]benzoic acid (0.23 

g, 1.0 mmol) and ihionyl chloride (3 mL) in CH2CI2 (3 mL) was heated to reHux for 10 
min, concentrated in vacuo, treated with toluene and concentrated in vacuo several times to 
give 4-[N-(benzyloxycarbonyl)-(aminoiminomethyl)]benzoyl chloride. A solution of this 
acid chloride in CH2CI2 (3 mL) was added dropwise to a solution of the compound of 

10 Preparation 26(b) (0.3 g, 0.9 mmol) and diisopropylethylamine (130 mg, 1.0 mmol) in 
dry CH2CI2 (5 mL). The mixture was stirred at room temperature under argon for 5 h, 
diluted with CH2CI2 (20 mL) and extracted with water, 3N HQ, 5% sodium bicarbonate 
and biine. The organic phase was dried with MgS04 and concentrated in vacuo. The 
residue was chiomatographed (silica gel, methanol:CH2Cl2 2:98) to yield the tide 

15 compound (0.17 g, 32%). 

d) methyl (R,S)-8-I[[4-(aminoimmomethyl)phenyl]carbonyl]-amino]-l,2,4,5-tetrahydro- 
3-oxo-4-(2-phcnylethyl)-3H- 1 ,4-ben2odia2epine-2-acetatc 

A solution of the compound of Preparation 26(c) (0.1 g, 0.15 mmol) and 10% 
20 Pd/C (20 mg) in methanol (40 mL) and 3N HCl (8 drops) was shaken in a hydrogen 
atmosphere (45 psi) for 30 min. The mixture was filtered and the filtrate concentrated in 
vacuo to yield the title compound (65 mg, 87%). 

e) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]carbonyl]aminol-l,2.4.5-tetrahydro-3-oxo-4- 
25 (2-phenylethyl)-3H- 1 ,4-benzodiazepine-2-acetic acid 

A solution of the compound of Preparation 26(d) (65 mg, 0.12 mmol) in methanol 
(15 mL), water (2 mL) and IN NaOH (1 mL). was stirred at room temperature under 
argon overnight. The mbcture was treated with 3N HCl (1 mL) and concentrated in vacuo. 
The residue was dissolved in acetonitrilcrwater (33:67) and purified by HPLC RT 1 1.2 
30 min (YMC ODS-AQ®, 50x250 mm, 85 mUmin, 33% AN/W-TFA, UV detection at 220 
nm) to yield die tide compound (26 mg, 33%). MS (EI) m/e 486 [M+H]+ 

The following Examples illustrate the manner of making the pharmacologically active 
compounds and compositions of this invention. 

35 



wo 94/14776 



-54- 



PCTAJS93/12436 



Example 1 

Prepararion of (R.SV74f r4-faminoiminQmethvnphenvl1-m ethvlarnino1carbQnvn-2.3.4.5> 
tP^ hY^rn-3-Qxrv2-f2-phe nv1ftthvn-lH-2-benzazeDine-4-aceric acid 

5 

a) t-butyl 3-bromo-4-meihylbenzoate 

Dimethylformamidc dimethyl acetal (48 mL, 200 mmol) was added dropwise over 
15 min to a suspension of 3-biomo-4-meihylbenzoic acid (85%; 10.75 g, 42.5 mmol) in 
toluene (100 mL) at TO^'C The reaction was stirred at 70-80^C for an additional 0.5 h, then 

10 was cooled, washed sequentially with water and 5% sodium bicarbonate, and dried 

(sodium sulfate). The mixmre was filtered through a pad of silica gel, and the filter pad 
was washed with toluene. The filtrate was concentrated to afford the title compound (8.0 
g, 69% ) as a yellow oil. TLC (toluene) Rf 0.68; NMR (250 MHz, CDCI3) 5 8,13 
(d, J=L7 Hz, IH), 7.81 (dd, J=7.9, 1.7 Hz, IH), 7.27 (d, J=7.9 Hz, IH), 2.44 (3H). 

15 1.59 (s, 9H); IR (CCI4) 1715, 1368, 1297, 1255, 1170. 1123, 11 15 cm^l; MS(ES) m/e 
273.0 [M+H]+, 271.0 [M+H]+ 214.8 (M+H-56)+. 

b) t-butyl 3-bromo-4-(bromomethyl)benzoatc 

A mbcture of the compound of Example 1(a) (1.36 g, 5 mmol), N- 
20 bromosuccinimide (0.98 g, 5.5 mmol), and benzoyl peroxide (61 mg, 0.25 mmol) in 
carbon tetrachloride (25 mL) was heated at reflux. After 4 h, the mixture was cooled and 
filtered, and the filtrate was concentrated. The resulting material was used without 
purification. TLC Rf 0.39 (5:95 ethyl aceiaterhexane). 

25 c) t-butyl 3-bromo-4-[[(2-phenylethyl)amino]methyl]-benzoate 

The compound of Example 1(b) was dissolved in dry ether (25 mL), and 
phenethylamine (1.9 mL, 15 mmol) was added. The addition was slightly exothermic, and 
the reaction became cloudy. The reaction was stirred at RT overnight, then was diluted 
with ether (75 mL) and was washed sequentially with 5% sodium bicarbonate and brine 

30 (25 mL). Drying (magnesium sulfate), concentration, and silica gel chromatography (33% 
ethyl acetate/hexane) gave the tide compound (1.26 g. 65%) as a pale yellow oil. TLC Rf 
0.42 (30:70 ethyl acetate:hexane); 1h NMR (250 MHz. CDCI3) 5 8.12 (d, J=1.5 Hz. 
IH), 7.87 (dd, J=7.9, 1.5 Hz, IH). 7.40 (d, J=7.9 Hz, IH), 7.10-7,40 (m, 5 H), 3.90 
(s. 2H). 2.70-3.00 (m. 4H), 1.59 (s. 9H); IR (CCI4) 1717, 1368, 1294, 1253, 1170. 

35 1 1 18 cm-1; MS(ES) m/e 390.0 [M+H]+. 

d) t-butyl 3-bromo-4-[[[N-(2-phenylethyI)-N-t-butoxycarbonyl]amino]methyl]benzoate 
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Di-t-butyl dicarbonate (845 mg, 3.88 mmol) was added all at once to a solution of 
the compound of Example 1(c) (1.26 g, 3.23 mmol) in chloroform (16 mL) at RT. The 
reaction was stirred at RT for 1.5 h, then at reflux for 0.5 h. Concentration and 
chromatography (silica gel, 10% ethyl acetate/hexane) gave the tide compound (1,57 g, 
5 99%) as a colorless oil which solidified in vacuo, TLC Rf 0.49 (10:90 ethyl 

acetaie:hexane); NMR (250 MHz, CDCI3) Roiameric mixture, ratio ca. L5 : 1; 5 8.13 
(d, J=1.5 Hz, IH), 7.88 (dd, J=8.1, 1.5 Hz. IH), 7.05-7.40 (m, 6H), 4.30-4.60 (m, 
2H), 3.30-3.55 (m, 2H), 2.74-2.93 (m,.2H). 1.20-1.80 (m, 18 H); IR (CCI4) 1717. 
1698, 1367, 1295, 1251, 1165. 1120 cm'l; MS(ES) m/e 490.2 [M+H]+. 436.0. 

10 

e) methyl 3-methoxycarbonyl-4-[[5-(t-butoxycarbonyl)-2-[[N-(2-phenylethyl)-N-t- 
(butoxycarbonyl)]amino]methyl]-phenyl]-2-butenoatc and methyl 3-methoxycarbonyl-4- 
[[5-(t-butoxycarbonyl)-2-[[N-(2-phenylethyl)-N-t-butoxycarbonyl)]amino]methyllphenyl]- 

3-butenoate. 

15 A mixture of the compound of Example 1(d) (1.34 g, 2.73 mmol). dimethyl 

itaconate (648 mg, 4.10 mmol), palladium (U) acetate (30.7 mg. 0.14 mmol), tri-o- 
tolylphosphine (83.2 mg, 0.27 mmol). dry triethylamine (0.76 mL, 5.46 mmol), and dry 
acetonitrile (27 mL) was deoxygenated through a single evacuation/argon purge cycle, then 
was heated at reflux under argon. After 6 h, the reaction was cooled, and more palladium 

20 (II) acetate (30,7 mg, 0.14 mmol) and tri-o-tolylphosphine (83.2 mg, 0.27 mmol) were 
added. The mixture was deoxygenated through diree evacuation/argon purge cycles, then 
was heated at leflux under argon overnight (16.5 h). The reaction was concentrated, and 
the residue was dissolved in ether and washed with water and brine. Drying (magnesium 
sulfate), concentration, and chromatography (silica gel, 15% ethyl acetate/hexane; tiien 

25 40% ethyl acetate/hexane) gave the crude tide compound as a yellow oil. The residue was 
rechromatographed (silica gel, 25% ediyl acetate/hexane)to yield the tide compound (1.36 
g, 88%) as a light yellow oil. This material was used without separation of the isomeric 
reaction products. 

30 f) methyl 3-medioxycarbonyl-4-[5-(t-butoxycarbonyl)-2-[[[N-(2-phenylethyl)-N-t- 

butoxycarbonyl]amino]methyl]-phenyl]butanoate 

The compound of Example 1(e) (1.18 g, 2.08 mmol) was dissolved in anhydrous 

methanol (21 mL), and palladium (II) hydroxide on carbon (0.21 g) was added. The 

resulting mixture was shaken at RT under H2 (47 psi) for 2 h, then was filtered through 
35 Celite®. The filtrate was concentrated and resubmitted to the same reaction conditions. 

After another 5.5 h, the mixture was filtered as before, and the filtrate was concentrated to 

afford the tide compound (1.13 g, 95%) as a colorless oil. 
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g) methyl (R,S)-7-carboxy-23,4,5-tetrahydro-3-oxo-2-(2-phenylethyI)-lH-2- 
benza2epine-4-acetate 

TFA (1 1 mL) was added all at once to a cloudy solution of the compound of 
Example 1(f) (130 g» 2.28 mmol) in dry CH2CI2 (1 1 mL) at 0°C under argon. The 
5 resulting light yellow solution was wanned to RT, stirred for 2 h, and concentrated. The 
residue was concentrated once from l^-dichloroethane to remove residual TFA and give 
methyl 3-methoxycarbonyl-4-[5-carboxy-2-[[N-(2- 
phenyIethyl)amino]methyl]phenyiJbuianoate as a pale green oil. 

The oil was dissolved in anhydrous methanol (11 mL), and the solution was cooled 

10 to 0°C under argon. Freshly prepared 1.0 M sodium mcthoxidc/methanol (11 mL, 1 1 
mmol) was added and the ice bath was removed. The yellow solution was allowed to 
waim to RT over 5 min and healed to reflux under argon. After 3 h, the reaction was 
cooled in ice and quenched with glacial acetic acid (1.3 mL, 22.8 mmol). The reaction was 
diluted with ethyl acetate (100 mL) and washed with water. The combined aqueous layers 

15 were back-extracted with ethyl acetate, and the combined ethyl acetate layers were washed 
with brine, dried (magnesium sulfate), and concentrated to a pale green residue. . 
Chromatography ((silica gel, 10% methanoI/chloioform/0.1% acetic acid) gave the title 
compound as a yellow foam. Crystallization from methanol containing a litde chloroform 
gave the tide compound (528.2 mg. 61 %) as an off-white solid mp 214-216*'C; TLC Rf 

20 0.49 (10:90 methanolrchloroform); NMR (400 MHz, 10% CD3OD/CDCI3) 6 7.72- 
7.78 (m, 2H), 7.11-7.22 (m, 3H), 7.01-7.08 (m, 3H), 5.21 (d, J=16.8 Hz, IH), 3.70- 
3.92 (m, 3H), 3.72 (s, 3H), 3.5-3.66 (m, IH, partially obscured by water peak), 3.03 
(app dd, IH), 2.97 (dd, J=16.7, 8.7 Hz, IH), 2.86 (dd, J=17.3, 13.6 Hz, IH), 2.76 (t, 
J=7.3 Hz, 2H), 2.43 (dd, J=16.7, 5.3 Hz, IH); MS(ES) m/e 404.0 (M+Na)+, 382.4 

25 [M+H]+, 350.2 (M+H-CH30H)+. 

h) methyl (R.S)-7-[[[4-[N-(benzyloxycarbonyl)- 

aminoiminomethyl]phenyl]methylaminolcarbonyl]-2,3,4,5-tetrahydro-3-oxo-2-(2- 
phenylethyl)- lH-2-benzazepine-4-aceiate 

30 The compound of Example 1(g) (1 17.9 mg, 0.31 mmol) was rcfluxed with thionyl 

chloride (3 mL) for 15 min and the yellow solution was concentrated. The residue was 
concentrated from dry toluene (3 mL) to remove residual thionyl chloride, and the resulting 
material was dissolved in dry CH2a2 (0.5 mL). This solution was added dropwise over 
1-2 min to a solution of 4-(methylamino)-(N-benzyloxycarbonyl)benzamidine (263 mg, 

35 0.93 mmol) and anhydrous pyridine (0.125 mL, 1.55 mmol) in dry CH2CI2 (10 mL) at 
0®C under argon. The resulting yellow mixture was warmed to RT and stirred for 0.5 h, 
diluted witii ethyl acetate, and washed with 5% sodium bicarbonate. Drying (sodium 
sulfate), concentration, and chromatography (silica gel, 10% ethyl acetate/toluene) gave die 
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title compound (174.8 mg, 87%) as a faintly yellow oil. TLC Rf 0.45 (9:1 toluencrethyl 
acetate). NMR (400 MHz. CDCI3) 5 7.73 (app d, 2H), 7.00-7.45 (m. 13H), 6.89 
(app d. IH), 6.74 (d, J=7.8 Hz, IH), 5.19 (s, 2H), 5.05 (d, J=16.6 Hz, IH), 3.52-3.77 
(m, 4H), 3.69 (s, 3H), 3.48 (s, 3H). 2.93 (dd, J=16.8, 8.4 Hz, IH), 2.83 (dd, J:=17.3, 
5 3.9 Hz, IH), 2.60-2.77 (m, 3H), 2.34 (dd, J=16.8, 5.4 Hz, IH); JR (CHCI3) 3490, 
3300, 1731, 1650, 1614, 1495, 1437, 1360, 1284 (shoulder), 1264. 1143 cm'h MS(ES) 
m/e 647.2 [M+H]+. 

i) methyl (R,S)-7-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5- 

10 tetrahydro-3-oxo-2-(2-phenylcthyl)- lH-2-benzazepine-4-acetate 

10% Palladium on carbon (58 mg, 0.054 mmol) was added carefully to a solution 
of the compound of Example 1(h) (174.8 mg, 0.27 mmol) and TFA (0.021 mL, 0.27 
mmol) in ethyl acetate/methanol (1:1,9 mL), and the mixture was stirred briskly under 
hydrogen (balloon pressure). After 1.5 h, the mixture was filtered through Celiie®, and 

15 the filter pad was washed thoroughly with ethyl acetate and methanol. Concentration gave 
the title compound. 

j) (R,S)-7-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-3- 
oxo-2-(2-phenyleihyl)-lH-2-benzazepine-4-aceuc acid 

20 The compound of Example l(i) was dissolved in methanol (9 mL), and 1.0 N 

sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at RT 
overnight, then was concentrated. The residue was dissolved in water/acetonitrile (3 mL), 
cooled to O^'C, and acidified with TFA (0,21 mL, 2,7 mmol). The faintiy yellow solution 
was concentrated and the residue was purified by reversed-phase flash chromatography 

25 (C-18 silica gel, 25% AN/W-TFA). Concentration and lyophiUzation gave the title 
compound (123 mg, 67%) as a colorless powder. HPLC k' = 1.84 (PRP-1®, 30% 
ANAV-TFA); 1h NMR (400 MHz, CD3OD) S 7.67 (app d, 2H), 7.40 (app d, 2H), 
6.96-7,20 (m. 8H), 5.13 (d, J=16.8 Hz, IH), 3.96 (d, J=16.8 Hz, IH), 3.66-3.81 (m, 
2H), 3.45-3.58 (m, IH), 3.49 (s. 3H), 2.92 (app dd, IH). 2.77 (dd, J=17.0, 9.1 Hz, 

30 IH), 2.54-2.68 (m, 3H), 2.38 (dd, J=17.0, 4.8 Hz, IH); MS(ES) m/e 499.0 [M+H]+; 
Anal. (C29H30N4O4*L5(CF3CO2H).0.5 H2O) calcd: C, 56.64; H, 4.83; N. 8.26. 
found: C, 56.77; H, 5.05; N, 8.35. 



35 



Example 2 

Preparation of fR.SV8-rrr4-faminoiminomethv]^phf- nvn-methvlamino1carbnnYl]-2,3,4.5- 
tetrahvdjx>-l-methvl-3-oxo-4-f2-DhenvlethvlV1H-1 4-h en7odiazepine-2-aceric ariri 
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a) t-butyl 4-[N-(t-butoxycarbonyl)-N-(phenylethyl)aminomeihyl]-3- 
(meihylainino)benzoate 

Formic acid (0.166 g, 3.6 mmol) was added slowly to acetic anhydride (0.36 g, 
3.5 mmol) at 0®. This solution was stirred at 0° for 10 min, then at 55°C for two hours, 
5 cooled to RT, and diluted with THF (15 mL). To this solution was added dropwise a 
solution of the compound of Preparation 24(b) (0.5 g, 1.17 mmol) in THF (3 mL). The 
solution was stirred 3 h and concentrated to give a colorless oil. The residue was 
redissolved in THF (20 mL), cooled to 0°C and 2.0M borane-meihyl sulfide in THF was 
added (0.22 g, 2.9 mmol, 1.45 mL). After gas evolution had stopped, the solution was 
10 heated at reflux 3 h, cooled to RT and methanol (5.0 mL) was added The resulting 
solution was refluxed 1 h and concentrated to give the tide compound (0.5 g, 98%) as a 
colorless oil. ^H NMR (400 MHz, CDCI3) 5 7.1-7.3 (m, 5H). 7.05 (d, 2H), 7.0 (d, 
IH), 5.5 (b, IH), 4.3 (s. 2H), 3.3 (t, 2H), 2.9 (s, 3H), 2.65 (t. 2H), 1.6 (s, 9H), 1.45 
(s, 9H); TLC Rf 0.75 (1:4 ethyl acetate:hexane). 

15 

b) t-butyl 0E/Z>4-[N-(t-butoxycarbonyl)-N-(2-phenylethyl)aminomethyl]-3-[N-[2-( 1,4- 
dimethoxy-l,4-dioxo-2-butenyl)]-N-(methyl)amino]benzoate 

Dimethyl acetylenedicarboxylate (0.34 g, 2.4 mmol) was added to a solution of the 
compound of Example 2(a) (1-0 g, 2.7 mmol) in metiianol (50 mL). The solution was 

20 heated to reflux for 1 h, treated witii dimethyl acetylenedicarboxylate (0. 17 g, 1.2 mmol) 
and heated at reflux for an additional 1 h. The mixture was cooled, filtered, concentrated 
and the residual yellow oil was chromatographed (silica gel, 25% ethyl acetatc/hexane) to 
give die tide compound (0.5 g, 80%). (1 :1;E:Z) ^H NMR (400 MHz, CDCI3) 5 7.9 (d, 
2H), 7.7 (s, 2H), 7.3-7.1 (m, 12H), 6.2 (s, IH), 5.2 (s, IH), 4.7 (d, 2H), 4.3 (m, 2H), 

25 3.9 (s, 3H), 3.85 (s, 3H), 3.8 (s, 3H), 3.7 (s, 3H), 3.6-3.2 (m, 8H), 3.0 (b, 3H), 2.9 (b, 
3H), 1.6 (s, 18H). 1.4 (d, 18H). 

c) t-butyl 4-[N-(t-butoxycarbonyl)-N-(2-phcnyletiiyl)-aminomethyll-3-[N-[2-(l ,4- 
dimethoxy*l,4<lioxo-2-butyl)]-N-(methyl)amino]benzoate 

30 A solution of the compound of Example 2(b) in methanol (50 mL) containing 10% 

Pd/carbon (0.5 g) was hydrogenated (45 psi) at RT. After 4 h, the suspension was filtered 
and concentrated to give a pale yellow oil. The residue was purified by chromatography 
(silica gel, 1:4 ethyl acetate rhexane) to give the tide compound as a pale yellow oil (0.17 g, 
40%). iH NMR (400 MHz. CDCI3) 5 7.8 (s, IH), 7.7 (d, IH), 7.0-7.3 (m, 6H), 4.4- 

35 4.6 (m, 2H), 4.05 (m, IH), 3.7 (s, 3H), 3.6 (s, 3H), 3.2-3.5 (m, 2H). 3.0 (dd, IH), 
2.7-2.9 (m, 3H), 2.65 (s, 3H). 1.6 (s, 9H), 1.4 (m. 9H). 



wo 94/14776 PCT/US93/12436 

-59- 

d) methyl (R,S)-8-carboxy-l-methyl-2,3,4,5-tetrahydro-370xc)-4-(phenylethy^^ 
benzodiazepine-2-acetate 

TFA (50 mL) was added to a solution of the compound of Example 2(c) (0.17 g, 
0.3 mmol) in CH2CI2 (10 mL). The mixture was stirred for 4 h and concentrated to yield 

5 4-[N-(2-phenylethyl)aminomethyI]-3-[N-[2-(l,4-dimethoxy-l,4-dioxo-2-butyl)]-N- 
(methyl)amino]-benzoate as a yellow solid. 

The yellow solid was dissolved in methanol (20 mL) and treated with 25% sodium 
methoxide in methanol (0.2 mL, 0.87 mmol). The mixture was heated to 50°C for 2 h, 
cooled and treated with IM hydrogen chloride in ether (2 mL). The mixture was 
10 concentrated to give the title compound as a yellow solid (0.12 g, 94%). NMR (400 
MHz, CD3OD) 5 7,55 (s, IH), 7.5 (d, IH), 7.1 (m, 4H), 7.0 (m, 2H), 5.2 (d, IH), 4,8 
(m, IH), 4.1(m, 2H), 3.7 (s, 3H), 3.5 (m, IH), 3.0 (dd, IH), 2.8 (t, 2H), 2.7 (dd. IH), 
2.6 (s, 3H). 

15 e) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)- 

aminomiinomethyl]phenyl]methylamino]carbonyl]-23.4^-tetrahydro-l-methyl-3-oxch4- 
(2-phenylethyl)- IH- 1 ,4-benzodiazepine-2- acetate 

Using the procedure of Example 1(h), except substituting the compound of 
Example 2(d) for the compound of Example 1(g), the title compound was prepared 
20 (0,040 g, 35%). 1h NMR (400 MHz, CDCI3) 6 7.75 (d, 2H), 7.25-7.45 (m, 6H), 7.0- 
7.2 (m, 6H). 6.95 (s, IH), 6.7 (m, 2H), 5.2 (s. 2H). 5.0 (d, IH), 4.6 (m. IH), 3.9 (m, 
IH), 3.65 (m, 4H), 3.6 (m, IH), 3.5 (s, 3H). 2.9 (dd, IH). 2.75 (t, 2H), 2.55 (dd, IH), 
2.5 (s, 3H). 

25 f) mediyl (R,S)-8-[[[4-(aminoiminomeihyl)phenyl]meUiylamino]-carbonyl]-2,3,4,5- 
tetrahydio- l-methyl-3-oxo-4-(2-phenylethyl> IH- 1 ,4-benzodiazepine-2-acetaie 

A solution of the compound of Example 2(e) (0.04 g, 0.06 mmol) in methanol (25 
mL) containing l.OM hydrogen chloride in etiier (0.6 mL) was treated with 10% palladium 
on carbon (0.06 g) and the mixture was shaken in a hydrogen atmosphere (40 psi) for 1 h. 

30 The mbcture was filtered and concentrated to yield the title compound. 

g) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-l- 
mcthyl-3-oxo-4-(2-phenyleLhyl)- IH- 1 ,4-benzodiazepine-2-acetic Acid 

Using tiie procedure of Example IQ'), except substituting die compound of 
35 Example 2(f) for die compound of Example 1 (i), gave a residue which was purified by 
HPLC (YMC-ODS AQ, 33% ANAV-TFA) to yield die tide compound (0.012 g, 35%). 
iH NMR (400 MHz, CD3OD) 5 7.7 (d, 2H), 7.45 (d, 2H), 7.05-7.15 (m, 3H), 7.0 (d, 
2H), 6.9 (m, 2H), 6.8 (d, IH). 5.1 (dd, IH). 4.7 (m, IH), 4.0 (d, IH), 3.9 (m, IH), 
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3.55 (m, IH), 3.5 (s, 3H). 2.85 (dd. IH), 2.7 (t, 2H). 2.5. (dd, IH). 2.4 (s, 3H); 
MS(ES)m/e514.2 {M+H]+ 

5 

^paminnnffR■S^.«.^^ ^4.^atT1inn^minnmftthvnnhenvl^amino^-ca^bonvl^-2.3.4.5- 
Tff n?^vrf"v4.f2-phenvlP ^v1V1 AMj\-^nd\ATtjAnt-2-Kcenc acid 

a) methyl N-I2-Nitro4-(t-butoxycarbonyl)benzyl]-N-phenylethyl-4-aniinocrotonate 
10 To a solution of 2-nitro-4-(t-butoxycarbonyl)-benzylbromide (4.06 g, 12.8 mmol) 

in THF (50 mL), methyl 4-(phenylethylamino)-crotonate (3.4 g, 15.5 mmol) was added 
with stirring at RT. Triethylaminc (2.2 mL, 15.7 mmol) was then added. After stirring 
for 16 h, the reaction was diluted with ethyl acetate and washed with IN sodium 
carbonate, brine, dried (sodium sulfate) and concentrated. Hash chromatography (silica 
13 gel, 15% ethyl acetate/n-hexane) gave the title compound as an oil (5.16 g, 88%). ^H- 
NMR (CDC13) 6 1.60(9H. s). 2.74(4H. br s). 3.30(2H, dd), 3.74(3H. s), 4.00(2H. s). 
6.00(1H. d. J=15 Hz). 7.02(1M, dt), 7.25(5H, m). 7.67(1H. d. J=8 Hz). 8.15(1H, dd). 
8.45(1H, d. J=2Hz). 

20 b) methyl N-[2-amino.4-(t-butoxycarbonyl)benzyl]-N-phenylethyl-4-aminocrotonate 

Iron powder (0.8 g) was added to a stirred solution of the compound of Example 
3(a) (1.03 g. 2.26 mmol) in acetic acid (25 mL) and ethanol (25 mL). After stirring for 16 
h the reaction was concentrated and dissolved in ethyl acetate, washed with IN sodium 
carbonate, brine, dried (sodium sulfate) and concentrated to give the title compound (0.96 

25 g) as an oil. IR-NMR (CDCI3) 5 1.57(9H, s). 2.80(4H, br s). 3.25(2H, d, J=5.2 Hz). 
3.70(2H. s), 3.74(3H, s), 4.52(2H, br s). 5.92(1H. d, J=15.7 Hz). 6.94(1H. dt). 7.0- 
7.3(8H, m). 

c) methyl (R,S)-8-(t-butoxycarbonyI)-23,4.5-tetrahydro-4-(2-phenylethyl)-lH-1.4- 

30 benzodiazBpine-2-acetate 

The compound of Example 3(b) (0.96 g, 2.25 mmol) was dissolved in anhydrous 
methanol (50 mL) and rcfluxed under Ar for 72 h. The mucture was cooled, concentrated 
and the residue was purified by flash chromatography (silica gel. 60% ethyl acetate/n- 
hexane) to yield the tide compound (0.87 g. 91%). IH-NMR (CDCI3) 5 1.59(9H, s). 

35 2.39(1H, dd), 2.51(1H. dd), 2.68-3.50(6H, m), 3.56(1H, br s), 3.73(3H, s), 3.95(2H, 
br s). 4.47(1H, br s). 7.15-7.27(6H, m). 7.42(1H. s). 7.51(1H. d, J=7.4 Hz); MS(ES) 
m/e 425.0 [M-i-H]+. 
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d) methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-(2-phenylethyl)- lH-l,4-benzodiaze^ 
2-acetace 

To the compound of Example 3(c)(0,87 g, 2.05 mmol)) was added 90% TFA in 
CH2CI2 (30 mL). After stirring at RT for 45 min, the reaction was concentrated and then 
5 re-concentrated twice from anhydrous toluene to yield the title compound (0.87 g, 88%). 

e) methyl (R,S)-8-[[[4-[N-(t-butoxycarbonyl)aminoiminomethyI]phenyl]amino]carbonyl]- 
2,3.4,5-tetrahydro-4-(2-phenylethyl)- IH- 1 ,4-benzodia2epine-2-acetate 

To the compound of Example 3(d) (0.87 g, 2 mmol) was added thionyl chloride (5 
10 mL), After refluxing for 15 min under Ar, the reaction was concentrated and then re- 
concentrated twice from anhydrous toluene. The resulting acid chloride in CH2CI2 (15 
mL) was. added dropwise with stirring under Ar to a cooled (0°C) solution of pyridine 
(0.65 mL) and 4-(Boc-amidino)aniline (0.57 g, 2.4 mmol) in CH2CI2 (15 mL). The 
reaction was stirred for 4 h at RT, diluted with chloroform, washed with IN sodium 
IS bicarbonate, dried (sodium sulfate) and concentrated. Purification by flash 

chromatography (silica gel, 2% methanol/chloroform) gave the tide compound as a solid 
(936 mg. 80%). IR-NMR (CDCI3) 5 L54(9H. s), 2.39(1H, dd), 2.52(1H, dd). 2.75- 
2.90(5H, m), 3.00(1H, d), 3.56(1H, br s), 3.70(3H, s), 3.89(2H, dd), 4.62(1H, s), 
7.15(4H, m), 7.27(2H, m), 7.36(2H, m). 7.71(2H, d, J=8.5 Hz), 7.81(2H, d, J=8.5 
20 Hz). 

f) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-4-(2- 
phenylethyl)- IH- 1 ,4-benzodiazepine-2-acetic Acid 

To the compound of Example 3(e) (936 mg, 1.6 mmol), 90% TFA in CH2CI2 (30 
25 mL) was added. After stirring for 45 min, the reaction was concentrated and the residue 
was triturated with ether, filtered and dried at reduced pressure to give methyl (R,S)-8- 
[[(4-(aminoiminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tctrahydro-4-(2-phenylethyl)- 
IH- 1 .4-benzodiazcpine-2-acetate. 

The methyl ester was taken up in 20% acetic acid and refluxed under Ar for 48 h. 
30 The mixture was concentrated and the residue was purified by HPLC (PRP-1®, 25% 
ANAV-TFA) to give the title compound as a white solid. HPLC k* 5.7 (PRP-1®, 20% 
ANAV-TFA, UV detection at 220 nm); TLC Rf 0.40 (4:1:1 n-butanoI:acetic acidiwater); Rf 
0.45 (15:3:12:10 n-buianol: acetic acid:water:pyridine); MS(ES) m/e 472.2 [M-fHl+; 
Anal. (C27H29N503-2.5 CF3CO2H-1.0 H2O) calcd: C. 49.62; H, 4.36; N, 9.04. 
35 found: C, 49.37;H, 4,437;N, 9.18 
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Example 4 

Preparation of n^.SV8-rrff4-aminQ iminQmethvnDhenvn>mcthvlaTriino1carbonvlV2.3.4.5- 
tetrahvdro-3-oxo- IH- 1 .4-benzndiazepine-2-acctic acid 

5 

a) t-butyl 4-[N-(t-butoxycarbonyl)-N-(methoxycarbonyl)aminomethyl]-3"nitroben 

To a solution of t-butyl 4-bromomethyI-3-nitrobenzoate (2.27 g, 7.2 mmol) {Int. J. 
Peptide Res,, 36. 31 (1990)) in DMF (25 mL) was added a suspension of potassium t- 
butyl methyl iminodicarboxylatc (7.C.5. Perkin /, 1088, (1977)) (1.56 g, 7.3 mmol) in 

10 DMF (20 mL). The dark brown solution was stirred 1 h and poured into water and 

extracted with ethyl acetate. The combined organic layers were washed with water, dried 
(sodium sulfate) and concentrated to give a pale orange oil which was purified by flash 
chromatography (silica gel, 20% ethyl acetato/hexane) to give the title compound (2.15 g, 
73%). 1h NMR (400 MHz, CDCI3) 6 8.65 (s, IH), 8.2 (d, IH), 7.45 (d, IH), 5.3 (s, 

15 2H), 3.8 (S-. 3H), 1.6 (s, 9H), 1.45 (s, 9H). 

b) t-butyl 4-[N-(t-butoxycarbonyl)aminomethyl]-3"nitroben2cate 

The compound of Example 4(a) (2.15 g, 5.24 mmol) was dissolved in a mixture of 
methanol (120 mL) and 0.95 N sodium hydroxide (15 mL). After 15 min, acetic acid (3.0 

20 mL) was added and mixture was concentrated. The residue was dissolved in ethyl acetate 
and extracted with water. The organic layer was washed with brine, dried (sodium sulfate) 
and concentrated to give a yellow oil which was purified by chromatography (silica gel, 
20% ethyl acetate/hexane) to give the tide compound (1.0 g, 54%). NMR (400 MHz, 
CDCI3) 5 8.6 (s, IH), 8.2 (d, IH). 7.7 (d. IH), 5.35 (m, IH), 4.6 (d, 2H). 1.65 (s, 

25 9H), 1,4 (s, 9H). 

c) t-butyl 3-amino-4-[N-(tert butoxycarbonyO-aminomcthylJbenzoate 

A solution of the compound of Example 4(b) (0.80 g. 2.27 mmol) in ethanol (100 
mL) containing 10% palladium on carbon (0.5 g) was hydrogenated (40 psi). After 30 
30 min, the mixture was filtered and concentrated to give the tide compound (0.72 g, 100%). 
iH NMR (400 MHz, CDCI3) 5 7.25 (m, 2H), 7.1 (d, IH), 4.9 (b, IH), 4.25 (d, 2H), 
1.6 (s, 9H). 1.45 (s. 9H). 

d) t- butyl (E,Z)-4-[N-(t-butoxycarbonyl)aminomethyl]-3-[2-(l .4-dimethoxy- 1 ,4-dioxo-2- 
35 butenyl)amino]benzoate 

Using the procedure of Example 2(b), except substituting the compound of 
Example 4(c) for the compound of Example 2(a), the tide compound was prepared (0.7 g, 
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70%). iH NMR (400 MHz, CDCI3) 5 9.6 (s, IH). 7.7 (d, IH), 7.35 (m, 2H), 5.5 (s, 
IH), 5.0 (b, IH), 4.4 (d, 2H), 3.75 (s, 3H). 3.7 (s, 3H), 1.6 (s, 9H). 1.45 (s, 9H). 

e) t-butyl 4-[N-(t-butoxycarbonyl)aminomcthyl]-3- [2-( 1 ,4-diincthoxy- 1 ,4-dioxo-2- 
5 butyl)amino]benzoate 

Using the procedure of Example 2(c), except substituting the compound of 
Example 4(d) for the compound of Example 2(b), the title compound was prepared (0.66 
g, 95%). iH NMR (400 MHz. CDCI3) 5 7.8 (d, IH), 7.75 (s, IH), 7.1 (d, IH). 5.4 
(b, IH). 4.9 (b, IH). 4.6 (m. IH), 4.3 (m, 2H). 3.7 (s, 3H), 3.65 (s, 3H), 2.9 (m. 2H). 
10 1.6 (s, 9H), 1.45 (s, 9H). 

f) methyl (R,S)-8-carboxy-2.3,4^-tetrahydro-3-oxo-lH-l,4-bcnzodiazepine-2-acetate 

Using the procedure of Example 2(d), except substituting the compound of 
Example 4(e) for the compound of Example 2(c), the tide compound was prepared (0.44 
15 g, 98%). iH NMR (400 MHz, DMSO-de) 5 8.15 (t, IH), 7.2 (s, IH). 7.1 (d, IH), 
7.05 (d. IH), 5.0 (dd. IH). 4.9 (m. IH), 3.75 (dd. IH), 3.6 (s, 3H), 2.8 (dd, IH), 2.6 
(dd. IH). 

g) methyl (R,S)-8-[[[4.[N-(benzyloxycarbonyl)- 

20 aminoiminomethyl]phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydrc>-3-oxo-lH-l,4- 

ben2odiazepine-2-acctate 

Using the procedure of Example 1(h), except substituting the compound of 

Example 4(f) for the compound of Example 1(g), the tide compound was prepared (0.30, 

45%). iH NMR (400 MHz, CD3OD) 5 7.75 (d. 2H), 7.25-7.45 (m, 5H). 7.2 (d, 2H), 
25 6.7 (d, IH), 6.65 (s, IH), 6.45 (d, IH), 5.5 (s, IH). 5.2 (s, 2H). 4.95 (d, IH), 4.9 (m, 

IH). 3.75 (d, IH), 3.65 (s, 3H), 3.45 (s. 3H), 2.9 (dd, IH), 2.6 (dd, IH). 

h) methyl (R,S)-8-[[[(4-aminoiminomethyl)phcnyl]-methylamino]carbonyl]-2,3,4,5- 
tetrahydro-3-oxo- IH- 1 ,4-benzodiazepine-2-acetate 

30 Using the procedure of Example 2(0, except substituting the compound of 

Example .4(g) for the compound of Example 2(e), gave die tide compound. 

i) (R,S)-8-[[[(4-aminoiminomeihyl)phenyl]methylamino]-carbonyl]-2,3,4,5-tetrahydro-3- 
0x0- 1 H- 1 ,4-benzodiazepine-2-acetic acid 

35 Using the procedure of Example 1 (j), except substituting the compound of 

Example 4(h) for the compound of Example l(i), the tide compound was prepared. It was 
purified by HPLC (YMC ODS-AQ, 15% ANAV-TFA, UV detection at 220 nm) to give a 
purified product (0.125 g, 57%). ^H NMR (400 MHz. DMS0-d6) 5 9.75 (s, 2H), 8.95 
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(s, 2H), 8.1 (d, IH), 7.75 (d, 2H), 7.4 (d, 2H). 6.75 (s, IH), 6.7 (d. IH), 6.25 (d, IH), 
5.9 (d, IH). 4.9 (dd, IH). 4.8 (m, IH). 3.65 (dd. IH). 3.4 (s. 3H). 2.75 (dd. IH). 2.5 
(dd. IH); MS(ES) m/e 396.0 [M+H]+ 

5 Example 5 

Preparation of (R.SV8-rrr4-(aminoiminomethvnphenvn me thvlamino1carbonvll-2.3-4.5- 
tetrahvdro-4-Tnethvl'3-QxolH-l ■4-benzodiazepine-2-acctic acid 

10 a) t-butyl 4-(methylamino)methyl-3-nitrobenzoate 

Anhydrous methyiamine was bubbled into anhydrous DMF (200 mL) at 0°C for 15 

min. A solution of t-buiyl 4-bromomcthyl-3-nitrobenzoate (5.0 g, 15.8 mmol) (Int. J. 

Peptide. Res., 36, 31 (1990)) in DMF (10 mL) was added dropwise to the cold amine 

solution. The solution was stirred at 0** for 30 min and poured into water. The mixture 
15 was extracted with ethyl acetate and the combined organic layers were washed with water, 

dried (sodium sulfate) and concentrated to give a yellow-brown oil. The oil was purified 

by chromatography (silica gel, 3% isopropanol/ 

CH2CI2) to give the tide compound (L5 g, 36%). ^H NMR (400 MHz, CDCI3) 5 8.5 
(s. IH). 8.2 (d. IH), 7.7 (d, IH), 4.05 (s, 2H), 2.5 (s. 3H). 1.6 (s. 9H). 

20 

b) t-butyl 4-[N-(i-butoxycarbonyl)-N-(methyl)amino-methyI]-3-nitrobenzoate 

A solution of the compound of Example 5(a) (1.4 g, 5.3 mmol). triethylamine (2.1 
g. 21 mmol) and di-l-butyl dicarbonate (3.44 g, 15.8 mmol) in THF (50 mL) was stirred 
24 h. The mixture was concentrated and the residue dissolved in ethyl acetate (200 mL). 
25 The solution was extracted with water, dried (sodium sulfate) and concentrated to give a 
yellow oil which was purifiisd by chromatography (silica gel, 15:85 ethyl acetaterhexane) to 
give the tide compound (1.85 g, 85%): ^H NMR (400 MHz. CDCI3) 5 8.6 (s. IH), 8.25 
(d. IH). 7.4 (d, IH), 4,85 (d, 2H), 2.9 (d. 3H). 1.6 (s. 9H). 1.45 (d, 9H). 

30 c) t-butyl 3-aminio-4-[N-(t-butoxycarbonyl)-N-(methyl)-aminomethyl]benzoate 

Using the procedure of Example 4(c), except substituting the compound of 
Example 5(b) for the compound of Example 4(b), the tide compound was prepared (1.6 g, 
100%). iH NMR (400 MHz, CDCI3 ) 5 7.25 (d. 2H). 7.05 (d, IH), 4.35 (d, 2H). 2.75 
(s, 3H), 1.6(s. 9H). 1.4(d, 9H). 

35 

d) t-butyl 0E,Z)-4-[N-(t-bu toxycarbonyl).N-(mediyl)-aminomethyl]-3-[2-( 1 ,4-dimethoxy- 
1 ,4-dioxo-2-butenyl)amino]-benzoate 
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Using the procedure of Example 2(b), except substituting the compound of 
Example 5(c) for the compound of Example 2(a). the title compound was prepared (1.55 
g, 68%). iH NMR (400 MHz, CDCI3) 8 9.5 (s. IH), 7.7 (d, IH), 7.4 (s, IH), 7.3 (d, 
IH), 5.5 (s, IH), 4.55 (s, 2H), 3.75 (s, 3H), 3.7 (s, 3H), 2.85 (s. 3H). 1.6 (s, 9H), 
5 1.45 (s, 9H). 

e) t-butyl 4-[N-(t-butoxycarbonyI)-N-(methyl)amino-methyl]-3-[2-(1.4-dimethoxy-l,4- 
dioxo-2-butyl)amino]benzoate 

Using the procedure of Example 2(c), except substimting the compound of 
10 Example 5(d) for the compound of Example 2(b), the title compound was prepared (1.55 
g, 100%). 1h NMR (400 MHz, CDCI3) 5 7.45 (d, 2H), 7.05 (d, IH), 4.65 (q, IH), 
4.45 (d, IH), 4.35 (d, IH), 3.7 (s, 6H), 2.95 (dd, IH), 2.85 (dd, IH), 2.75 (s, 3H), 1.6 
(s, 9H), 1.45 (s, 9H). 

15 f) methyl (R,S)-8-carboxy-2.3,4,5-tetrahydro-4-methyl-3-oxo- IH- 1 ,4-benzodiazepine-2- 
acetate 

Using the procedure of Example 2(d). except substituting the compound of 
Example 5(e) for the compound of Example 2(c), the tide compound was prepared (0.72 
g, 72%). iH NMR (400 MHz, DMSO-d6) 5 7.2 (s, IH), 7.1 (s, 2H), 6.1 (s, IH), 5.5 
20 (d, IH), 5.1 (m, IH), 3.9 (s. IH), 3.6 (s, 3H), 2.9 (s, 3H). 2.8 (dd, IH), 2.65 (dd, IH). 

g) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)aminoimino- 
methyI]phenyl]methylammo]carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo- IH- i ,4- 
benzodiazepine-2-acetate 

25 Using the procedure of Example 1(h), except substituting the compound of 

Example 5(f) for the compound of Example 1 (g), the tide compound was prepared (0.29 
g, 40%). iH NMR (400 MHz. CDCI3) 5 7.75 (d. 2H), 7.45 (d. 2H), 7.25-7.4 (m, 3H), 
7.1 (d. 2H), 6.7 (d, IH), 6.65 (s, IH), 6.45 (d. IH), 5.3 (d. IH), 5.2 (s, 2H), 4.95 (m, 
IH), 4.2 (d, IH), 3.75 (s, 3H), 3.65 (d, IH), 3.45 (s. 3H), 3.0 (s, 3H), 2.9 (dd. IH), 

30 2.55 (dd. IH). 

h) methyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methyl-amino]carbonyl]-2,3,4,5- 
tetrahydro-4-methy 1-3-0X0- IH- 1 ,4-benzodiazepine-2-acetic acid 

Using the procedure of Example 2(0, except substituting the compound of 
35 Example 5(g) for die compound of Example 2(e), gave the tide compound. ^H NMR (400 
MHz. CD3OD) 5 9.25 (s, 2H), 8.8 (s, 2H), 7.7 (d, 2H). 7.4 (s, 2H), 6.85 (d, IH). 6.7 
(s, IH), 6.45 (d, 2H). 5.45 (d. lil), 5.1 (m, IH), 3.85 (d. IH). 3.7 (s, 3H), 3.5 (s. 3H), 
3.35 (s, 3H). 2.9 (dd, IH), 2.65 (dd, IH). 
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i) (R,S)-8-[[[4-(aminoiminomethyl)phenyI]methylamino]-carbonyl]-23,4,5-tetr^ 
methyl-3-oxo- IH- 1 ,4-ben2odiazepine-acedc acid 

Using the procedure of Example except substituting the compound of 
5 Example 5(h) for the compound of Example 1 (i), and the product purified by HPLC (YMC 
ODS-AQ, 50 X 250 mm, 90 mL/min, 15% ANAV-TFA) to give the title compound (0.115 
g. 57%). iH NMR (400 MHz, DMSO-de) 5 9.3 (s, 2H), 9.1 (s, 2H), 7.75 (d, 2H), 7.4 
(d, 2H), 6.75 (m. 2H), 6.25 (d, iH), 6.0 (m, IH), 5.35 (d, IH), 4.95 (m, IH), 3.75 (d, 
IH), 3.4 (s, 3H), 2.9 (s, 3H), 2.75 (dd. IH), 2.5 (dd, IH); MS(ES) m/e 410.0 [M+H]+. 

10 

Example 6 

Pre paration of ni.SV7"rr4-faminoiminc)methvl)benzovn'methvlaminol-2,3.4.5- 
tetrahvdr(>-l-methvl-3-Qxo-4-f2-DhenvlethvlVlH-K4-ben2odiazeDine-2 aceric acid 

i5 

. a) ethyl 7-methylamino-l-methyl-3-oxo-4-(2-phenylethyl)-2,3,4,5-tetrahydn)-lH- 
1 ,4-benzodiazepine-2-acetate 

The compound of Pieparadon 23(g) (7(X) mg, 1.5 mmol) was dissolved in 
anhydrous triethyl orthoformate (1 mL). TFA (2 drops) was added and the mixture 

20 was refluxed for 4 h. The solution was concentrated to a fihn (toluene azeotrope), 
dissolved in edianol (15 mL), chilled to 5°C, and sodium borohydride (167 mg, 4.4 
mmol) was added. The mixture stirred 10 min at RT and was heated to reflux for 2 h. 
The resulting solution was concentrated, poured into water and extracted with ethyl 
acetate. The combined extracts were dried (magnesium sulfate) and concentrated. 

25 Chromatography (silica gel, 30% ethyl acetate/hexanes) yielded the tide compound 
(350 mg, 60%). MS(ES) m/e 396 [M+H]+; 1H NMR (400 MHz. CDCI3) 5 1.2 (3H, 
I), 2.50 (3H. s), 2.55 (IH, d), 2.70-2.85 (5H, s+t), 2.95 (IH. dd), 3 J4 (IH, dt), 
3.68 (IH. d), 3.88 (IH, dt). 4.09 (2H, q), 4.58 (IH, m). 5.04 (IH, d), 6.07 (IH, 
s), 6.45 (IH, d). 6.79 (IH, d), 7.00-7.20 (5H. m). 

30 

b) ethyl 7-[[4-[N-(benzyloxycarbonyl)aminoiminomethyl]- 

benzoyl]methylamino]-l-methyl-3-oxo-4-(2-phenylethyl)-2,3,4.5-tetrahydro-lH-l,4- 

benzodiazepine-2-acetate 

4-[N-(benzyloxycarbonyl)amidino]ben2oic acid (5(X) mg, 1,7 mmol) was 
35 dissolved in thionyl chloride (6.5 mL), heated to reflux for 5 min and concentrated 
(CH2CI2 azeotrope) to give 4-[N-(benzyloxy-carbonyl)amidino]benzoyl chloride. 
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The acid chloride (158 mg, 0.5 mmol) was dissolved CH2CI2 (3 mL) and 
added dropwise to a cooled solution of the compound of Example 6(a) (200 mg, 0,5 
mmol) and diisopropylethylamine (174 uL, 1.0 mmol). 

The mixture was stined for 1 h, concentrated and the residue was chromatographed 
5 (silica gel, 25% ethyl aceiate/hexanes) to yield the title compound (200 mg, 54%). 
MS(ES) m/e 676.4 [M+H]+; NMR (400 MHz. CDCI3) 5 1.23 (3H, t), 2.43-2.70 
(6H, m), 2.95 (IH, dd), 3.41 (3H, s), 3.60 (IH. d), 3.92 (2H, dt), 4.10 (2H, q), 
4.62 (IH, m), 5.00 (IH, d), 5.15 (2H, s). 6.44-7.68 (17H, m). 

10 c) (R,S)-7-[[4-(aminoiminomcthyl)bcnzoyl]methylamino]-2.3»4,5-tetrahydro-l- 
methyl-3-oxo-4-(2-phenylcthyl)-lH-l,4-bcnzodiazcpine-2-acetic Acid 

The compound of Example 6(b) (200 mg, 0.3 mmol) was dissolved in ethyl 
acetate (20 mL), and added 10 palladium hydroxide (100 mg) and 3N hydrochloric 
acid (1 mL). The mixture was hydrogenated (40 psi) for 6 h. The reaction mixture 

15 was filtered, the catalyst washed with acetonitrile and the filtrate concentrated to yield 
ethyl (R,S)-7-[[4-(aminoiminomeihyl)benzoyl]methylamino]-2,3,4,5-tetrahydro-l- 
methyl-3-oxo-4-(2-phenylelhyl)- 1 H- 1 ,4-benzodiazcpinc-2 acetate (200 mg) as a 
reddish-brown solid MS(ES) m/e 542.0 [M+H]+ 

The ethyl ester (200 mg, 0.3 mmol) was dissolved in methanol (4 mL) and IN 

20 sodium hydroxide (0.5 mL), stirred, concentrated, diluted with water, acidified with 
3N hydrochloric acid and concentrated. The residue was chromatographed by HPLC 
(YMC ODS-AQ, 25% AN/W-TFA) to yield the title compound as while solid (78 mg, 
51%). MS(ES) m/e 514.2 [M+H]+; ^H NMR (400 MHz. DMSO) 5 2.35 (3H, s), 
2.45 (IH, dd), 2.62 (2H, m), 2.78 (IH, dd), 3.39 (s). 3,95 (IH. dt), 4.05 (IH, d). 

25 4.68 (IH, bt), 5.05 (IH. d), 6.75-7,21 (8H, m), 7.47-7.70 (4H. m). 9.10 (IH, bs). 
9.20 (IH, bs). Anal. (C29H31N 504-1.8 C2HO2F3) calcd: C, 54:47; H, 4.60; N. 
9.74 

found: C. 54.44; H, 4.85; N. 9.36. 

30 E?cample 7 

Preparation of fR.SV2.3.4.5-teTrahvdTO-3-oxo-4-f2-phenvlethvlV 8-rrr2>(2- 
pvrazinvncthvUcarbonvllaminoVlH'l .4-benzodia2epine-2- acetic Acid 

35 a) methyl (R,S)-8-amino-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4- 
benzodiazepine-2-acetate 

A mixture of the compound of Preparation 24(e) (1.02 g, 2.67 mmol), 
trieihylamine (0.42 mL, 5.87 mmol) and diphenyl phosphorylazide (0.62 mL, 2.80 mmol) 
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in toluene (20 mL) was heated at 105°C for 0.5 h. After the temperature was lowered to 
80°C, the mixture was treated with benzyl alcohol (0.60 mL, 0.42 mmol), stirred for 14 h 
and concentrated. The residue was purified by flash chromatography (silica gel, 60% ethyl 
acetate/hexane) to give methyl (R,S)-8-(carbobenzyloxy)amino-2,3.4,5-tetrahydro-3-oxo- 
5 lH-1 ,4-benzodiazepine-2-acetate (0.79 g , 52%) as a light yellow oil. MS(ES) m/e 488 
(M+H]+; iH NMR (250 MHz) 5 7.12-7.44 (m, lOH), 6.52-6.81 (m, 3H), 5.24 (d, IH), 
5.18 (s, 2H), 4.96 (t, IH). 3.62-3.79 (m, 6H), 2.95 (dd, IH), 2.70 -2.85 (m. 2H). 2.60 
(dd. IH). 

The Cbz compound (0.68 g, 1.38 mmol) was dissolved in methanol(10 mL) and 
10 palladium on carbon (5%, 50 mg) was added. The mixture was hydrogenated for 1 h, 
filtered through Clelite® and concentrated to yield the tide compound as a light yellow oil 
(0.39 g, yield 81%). MS(ES) m/e 354 [M+H]+; IhNMR (250 MHz) 57.10-7.33 (m. 
5H). 6.62 (d, 2H), 6.01 (dd, IH). 5.89 (d, IH), 5.19 (d, IH), 4.93 (q. IH), 3.50-3.75 
(m, 6H), 2.94 (dd, IH), 2.75-2.85 (m, 2H), 2.63 (dd. IH). 

15 

b) (R,S)-2,3,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2. 
pyrazinyl)ethyl]carbonyl]amino]-lH-l ,4-benzodia2epine-2-acetic acid 

A solution of the compound of 43(a)(0.36 g, 1.02 mmol) and the compound of 
Preparation 1(b) (0.17 g. 1.12 mmol) in DMF (5 mL) was treated with 

20 diisopropylethylamine (0.39 mL, 123 mmol) and l-(3-dimethylaminopropyl)-3- 

ethylcarbodiimide hydrochloride (0.23 g, 1 .23 mmol), and sdrred at RT for 24 h. The 
mixture was concentrated and cold water (3 mL) was added. The white solid that formed 
was filtered and dissolved in chloroform. The organic solution was washed with 5% 
sodium bicarbonate, dried (sodium sulfate) and concentrated to yield methyl (R,S)- 

25 2.3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2-pyrazinyl)ethyl]carbonyl]amino]- 
lH-l,4-ben2odiazepine-2-acetate as a white solid (0.29 g, 60%). MS(ES) m/e 488 
[M+H]+; 1h NMR (250 MHz) 5 R.40-8.55 (m, 3H), 7.10-7.28 (m. 5H). 6.81-6.99 (m, 
3H), 5.46 (d, IH), 5.14 (m. IH), 3.56-3.80 (m, 6H). 3.27 (t, 2H), 2.90 (dd. IH), 2.72- 
2.85 (m,4H), 2.61 (dd, IH). 

30 Using the procedure of Example 1 (j)i except substiniting the methyl ester above for 

the compound of Example l(i), and purifying the product by HPLC (PRP column, 21.5 X 
250 mm, 14 mUmin, 30% AN/W-TFA, UV detection at 254 mm) yielded the tide 
compound as an off-white powder (171 mg, 92%). MS(ES) m/e 474 [M+H]+; ^H NMR 
(400 MHz) 5 8.40-8.70 (m. 3H), 7.10-7.31 (m, 5H), 6.88 (d, IH), 6.70 (d. IH), 6.63 

35 (m. IH), 5.37 (d, IH), 5.06 (m. IH), 3.57-3.81 (m, 3H), 327 (t, 2H), 2.74-2.97 (m, 
5H), 2.61 (dd. IH). 
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a) Using the procedure of Example 1(h). except substituting 2-(4-pyridyl)ethylamine, 2-(2- 
pyridyl)ethylaniine and the compound of Preparation 2(b) for 4-(methylaraino)-(N- 
5 benzyloxycarbonyObenzamidine, gave the following tide compounds: 

8(a) methyl (R.S)-2,3,4,5.tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4- 
pyridyl)ethyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetate. HPLCRT 17.8 min 
(YMC ODS-AQ, 6 x 250 mm, 1.5 mUmin, gradient, A:acetonitrile B:water-0.1% 
10 trifluoracetic acid. 10-80% A during 20 min, UV detecdons at 220 nm); NMR (250 
MHz, CDCI3) 5 8.5 (d, 2H), 7.1-7.3 (m. 7H). 6.95 (s, IH), 6.8 (s, 2H). 6.05 (m, IH). 
5.25 (d. IH), 4.5 (m, IH), 4.25 (m, IH), 3.75 (s. 3H), 3.69-3.7 (m, 3H). 2.95-3.0 (m, 
2H), 2.8 (m, 2H). 2.65 (d, 2H). 

9(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4.(2-phenylethyl)-8-[[[2-(2- 
15 . pyridyl)cthyllamino]carbonyl]-lH-1.4-benzodiazepine-2-acetate. HPLCRT 18.3 min 

(YMC ODS-AQ, 6 x 250 mm, 1.5 mlVmin, gradient, Aracetonitrile B:water-0.1% 

tridfluoracetic acid, 10-80% A during 20 min, UV detections at 220 nm). 

10(a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[I(3-(4- 

pyTidyl)propyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetate. This compound was 
20 purified by flash chromatography (silica gel, chloroform, 5:95 methanohchloroform). ^H 

NMR (250 MHz, CDCI3/CD3OD) 5 8.48 (d, 2H), 7.46-6.68 (m, 12H), 6.17 (m, IH). 

5.28 (d. IH), 4.98 (q. IH), 4.32 (d, IH), 3.90-3.55 (m), 3.72 (s. 3H), 2.98 (dd. IH), 

2.88-2.50 (m), 1.95 (m). 

25 b) Using the procedure of Example l(i), except substiwting the compounds of Examples 
8- 10(a) for the compound of Example l(i), gave die foUowing tide compounds. 

8(b) (R,S)-2,3,4,5-tctrahydro-3-oxo-4-(2-phenylediyl)-8-I[[2-(4- 
pyridyl)ediyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-aceac acid. 1hNMR(DMS0 
30 deATA, 360 MHz) 5 8.8 (d. 2H), 8.35 (m, IH), 7.95 (d, 2H), 7.2 (m, 2H), 7.1 (m. 
2H). 7.0 (m, 2H), 6.84 (d, IH), 5.35 (d, IH), 4.95 (d, IH), 3.95 (d. IH), 3.6 (m, 4H), 
3.12 (m, 2H), 2.73 (m, 2H), 2.62 (m. 2H); MS(ES) m/e 473 [M+H]+. 
9(b)(R,S)-2,3.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[l2-(2- 
pyridyl)etiiyl]amino]carbonyl]-lH-l,4-bcn20diazepine-2-acetic acid. MS(ES) m/e 473 

35 IM+H]+. 

10(b) (R,S)-2,3^,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[3-(4- 
pyridyl)propyl)amino]carbonyl]- Iri- 1 ,4-benzodiazepine-2-acetic acid This compound 
was purified by chromatography (Sephadex LH20, water). MS(ES) m/c 487 [M+H]+; 
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HPLC RT 10.10 min CPRP-1®. 4.6 x 250 mm, 1.5 mL/min, gradient, Aracetonitrilc 
B:water/0.1% TFA, 20-50% A during 20 min, UV detection at 220 and 250 nm); TLC Rf 
0.47 (silica. 3:1:1 n-BuOH:HOAc:H20); Anal. (C28H30N4O4'3H2O) calcd: C, 62.21; 
H, 6.71; N, 10.36. found: C, 62.21; H, 6.00; N. 10.36. 

5 

Fxamoles 11-12 

a) Using the procedure of Examples 1(h) and l(i), except substituting the compound of 
Preparation 3 and 4-nitrobenzylamine for 4-(methylamino)-(N- 

10 benzyloxycarbonyl)benzamidine, gave the following tide compounds: 

1 1(a) methyl (R,S)-8-[[[5-aminopentyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylediyl)-lH-l,4-benzodiazepine-2-acetate. TLC Rf 0.45 (silica. 1:20 
CH2Cl2:raethanol); NMR (400 MHz, CD3OD) 5 6.9-7.4 (m. 13H), 5.4 (d. IH), 5.1 

15 (m, IH), 5.05 (s, 2H). 3.87 (d. IH). 3.7 (s, 3H), 3.6.-3.8 (m. 2H). 3.1 (t. 2K), 2.95 
(dd. IH). 2.75 (t, 2H), 2.65 (dd, IH), 1.45-1.65 (m, 4H), 1.3-1.4 (m, 2H). 
12(a) methyl (R,S)-t8-[[(4-aminophenyl)methyl]amino]-carbonyl]-2.3,4,5-tetrahydro-3- 
oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetate. ^H NMR (400 MHz, CDCI3) 6 
8.15 (d, 2H). 7.45 (d, 2H). 7.15 (m, 3H), 7.0.7.1(m, 4H), 6.85 (d, IH), 5.3 (d, IH). 

20 4.95 (t. IH). 4.65 (d. 2H), 4.4 (b. IH), 3.7 (s. 3H). 3.5-3.65 (m. 3H), 2.95 (dd. IH). 
2.75 (m. 2H). 2.6 (dd, IH). 

b) Using the procedure of Example l(j). except substituting the compounds of Examples 
47-48(a) for tiie compound of Example l(i) gave the following title compounds: 

25 

11(b) (R,S)-8-[[(5-aminopentyl)amino]carbonyl]-2.3.4,5-tetrahydio-3-oxo-4-(2- 

phenylethyl).lH-1.4-benzodia2epine-2-acetic acid . ^H NMR (400 MHz. CD3OD) 5 7.05- 

7.25 (m. 5H). 7.0 (s, IH), 6.95 (s, 2H). 5.45 (d, IH). 5.1 (m, IH), 3.9 (d. IH). 3.8 (m. 

IH). 3.7 (m. IH), 3.4 (t, 2H). 2.95-2.85 (m, 3H), 2.7-2.8 (m, 2H). 2.55-2.65 (dd, IH); 

30 MS(ES) m/e 453.4 [M+H]+. 

12(b) (R,S)-[8-[[(4-aminophenyl)methyl]aminoicarbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 

phenylethyl)-lH-l,4-benzodiazepine-2-aceric acid ^H NMR (400 MHz, CD3OD) 5 7.3 

(d, 2H), 7.15-7.25 (m. 6H), 7.1-7.0 (m, 6H), 5.5 (d. IH). 5.1 (m, IH). 4.5 (d, 2H), 3.9 

(d. IH), 3.8 (m. IH), 3.7 (m, IH), 2.95 (dd, IH). 2.8 (m. 2H). 2.65 (dd. IH); MS(ES) 

35 m/e 473.2 (M+H]+. 
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Example 13 

Preparation of (R.SVR-ff r4-rPro pvnaminoTnethvnphenvn- 
aminolcarbonvl%2.3.4.5-tetrahvdro -3-QXQ-4-r2>Dhenvlethv]VlH-1.4-benzodia2e 
5 acetic Acid 

a) methyl (R,S)-8-[[[N-(t-butoxycarbonyl)-4-(propyl)- 

aminomethyl)phenyl]amino]carbonyl]-23.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH^ 

1 ,4-benzodiazepine-2-acetate 
10 Using the procedure of Example 1 (h), except substituting the compound of 

Preparation 4(b) for 4-(methylamino)-(N-ben2yloxycarbonyl)benzamidine gave the title 
compound. NMR (400 MHz. 0003) 5 7.6 (d, 2H), 7.0-7.3 (m, 9H). 6.9 (d, IH), 
5.3 (d, IH), 5.0 (m, IH), 4.4 (m, 2H). 4.35 (d, IH). 3.7 (s, 3H), 3.6-3.7 (m, 2H). 3.0- 
3,2 (m, 2H). 2.95 (dd. IH), 2.75 (m, 2H), 2.65 (dd, IH), 1.5-1.7 (m, 9H), 0.9 (t, 3H) 

15 

b) methyl (R.S)-8-[[[4-(propyl)aminomethyl)phenyl]amino]-carbonyl]-2.3,4,5-tetrahydro- 

3- oxo-4-(2-phenyiethy 1)- IH- 1 ,4-benzodiazepine-2-acetate 

The compound of Example 13(a) (350 mg, 0.56 mmol) was dissolved in a mixture 
of CH2CI2 (25 mL) and TFA (5 mL). After 1 h, the mixture was concentrated to give the 
20 title compound. 

c) (R,S)-8-[[[4-(propyl)aminomethyl)phcnyl]amino]carbonyl]-2,3.4,5-tetrahydro-3-oxo- 

4- (2-phenylediyl)- IH- 1 .4-benzodia2epine-2-acetic Acid 

Using the procedure of Example l(j), except substituting the compound of 
25 Example 13(b) for the compound of Example l(i) gave the tide compound (142 mg, 40%). 
iH NMR (400 MHz, CD3OD) 5 7.8 (d. 2H), 7.45 (d. 2H). 7.0-7.25 (m, 8H), 5.5 (d, 
IH), 5.1 (m, IH), 4.2 (s, 2H), 3.9 (d, IH), 3.8 (m, IH), 3.7 (m, IH), 2.9-3.1(m, 3H), 
2.75 (m, 2H). 2.65 (dd, IH). 1.7 (m, 2H), 1.0 (t, 3H); MS(ES) m/e 515.2 [M+H]+. 

30 Examples 14-16 

a) Using the procedure of Example 13(a)-(c), except substituting the compounds of 
Preparation 5 and 6(c) for the compound of Preparation 4(b), gave: 

35 14(a) (R,S)-8-[[[[4-[N-(t-butoxycarbonyl)-aminomethyl]phenyl]methyl]amino]carbonyl]- 
2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l ,4-benzodia2epine-2-acetic acid 
15(a) (R,S)-8-[l[[3-[N-(t-butoxycarbonyl)-aminomeihyl]phenyl]mediyl]amino]carbonyl> 
2,3,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid 
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16(a) (R,S)-8-[l[3-[4-[N-(t-butoxycarbonyl)-piperidinyl]propyl]amino]carbonyl]-2,3,4^- 
tetrahydro-3-oxo-4-(2.phenylethyl)-lH-l,4-benzodiazepinc-2-aceticacid 

b) Using the procedure ofExample 13(b), except substituting the compounds Example 14- 
16(a) for the compound of Example 13(a), and purifying the residue with chromatography 
(Sephadex LH20) gave: 

14(b) (R.S)-8-[[[(4-(aminomethyl)phenyI]methyI]amino]-carbonyl]-2,3,4,5-tetrahydro-3- 
oxo-4-(2-phenylethyl)-lH-l,4-benzodiazcpine-2-acetic acid . MS(ES) ra/e 487.0 [M+H]+. 
Anal. (C28H30N4O4-1.5TFA)calcd:C, 56.62; H.4.83; N, 8.52. found: C. 57.63; 

H. 5.24; N, 8.82. 

15(b) (R.S)-8-[[[[3-(aminomethyl)phenyl]methyl]amino]-carbonyl]-2.3.4,5-tetrahydro-3- 
oxo-4-(2-phenylethyl)-lH-1.4-benzodiazepine-2-acetic acid . MS(ES) m/e 487.0 [M+H]+; 
HPLC RT 15.9 min (PRP-1®, 4.6 x 250 mm, 1.5 mL/min, 25% AN/W-TFA, UV 
detection at 220 and 250 nm). Anal. (C28H30N4O4'1.5 TFA) calcd: C, 56.62; H. 4.83; 
N. 8.52. found: C. 57.28; H. 5.18; N, 8.72. 

16(b)(R,S)-8-([[3-[4-piperidinyl]propyl]amino]carbonyl]-2,3.4,5-tetrahydio-3-oxo.4T(2- 
phenylethyl)^lH-l,^benzodia2epine-2-acetic acid . iR NMR (250 MHz. DMS0-d6) 5 
7.40-6.70 (m, 8H). 5.38 (dd. IH). 4.99 (m, IH). 4.29 (s. IH). 4.00 (dd. IH), 3.70- 
2.90 (m). 2.90-2.20 (m). 1.72 (d. 2H), 1.48 (m. 3H). 1.17 (m. 4H); TLC Rf 4.90 (silica 
gel. 3:1:1 n-BuOH:HOAc:water); HPLC RT 9.82 min (PRP-1®, 4.6 x 250 mm, 20-50% 
AN/W-TFA. gradient 20 minutes @ 1.5 mL/min. UV detection at 220 and 250 nm); 
MS(ES) m/e 493.2 (M+H]+; Anal. (C28H36N404-HOAC.2H20) calcd: C. 601; H, 
7.53; N, 9.52. found: C. 61.56; H. 7.17, N, 9.91. 

F-xamnles 17-21 



a) Using the procedure ofExample 1(h), except substitoting 

4-(aminomethyl)pyridine. 4-(2-pyridyl)butanamine. N-methyl-4-(3-pyridyl)butanamine, 2- 
30 (IH-imidazol-l-yl)ethanamine (Syn. Comm.. 21, 535 (1991)) and 3-(lH-imidazol-l- 

yOpropanamine for 4-(methylamino)-(N-benzyIoxycarbonyl)]benzamidine and substituting 

triethylamine for pyridine, gave: 

17(a) methyl (R.S)-2.3,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[4- 
(pyridyl)methyl]amino]carbonyl]-lH-1.4-benzodiazepine-2-acetate 
35 1 8(a) methyl (R,S)-2.3,4.5-tetrahydro-3-oxo-4-(2-phenylediyl)-8-[[[4-(2- 
pyridyl)butyl]amino]carbonyl]-lH.l,4-benzodiazepine-2-acetate 
19(a) methyl (R,S)-2,3.4^-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[4-(3- 
pyridyl)butyl]methylamino]carbonyl]-lH-l,4-benzodiazcpine-2-acetate 
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20(a) methyl (R.S)-2,3.4,5-teirahydro-8-[[[2-(lH-imidazol-l- 
yl)ethyl]amino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-ben2odiazepine-2-acetate. 
MS(ES) m/e 476.2 [M+H]+, ^NMR (400 MHz, MeOD) 6 2.66-2.76 (3H, dd+t), 
2.93 (IH, dd), 3.58-3.70 (7H, m), 3.92 (IH, d), 4.30 (2H. t), 5.06 (IH, m), 5.37 

5 (IH, d). 6.90-7.25 (lOH, m), 7.92(1H, s). 

21(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[3-(lH-imidazol-l-yl)propyl]aniino]carbonyl]- 
3-oxo-4-(2-phenylethyl)-lH-l,4-benzodia2epine-2-acetate. MS(ES) m/e 490.2 [M+H]+, 
iNMR (400 MHz, MeOD) 5 2.08 (2H, m). 2.62-2.77 (3H. dd+t), 2.93 (IH, dd), 3.34 
(2H, t), 3.61 (IH, m). 3.67-3.77 (4H, s+m), 3.86 (IH, d). 4.08 (2H. t), 5.08 (IH. m). 

10 5.39 (IH, d), 6.90-7.23 (1 IH, m), 7.75 (IH, bs). 

b) Using the procedure of Example l(j), except substituting the compounds of Examples 
17-2 1(a) for the compound of Example 1(1), gave the title compounds: 
17(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[I[4- 

15 (pyridyl)methyl]amino]carbonyI]- IH- 1 ,4-benzodia2jepine-2-acetic acid : HPLC RT 8.2 
min (YMC ODS-AQ, 50 x 250 mm, 80 mUmin, 30% AN/W-TPA, UV detection at 220 
nm); MS(ES) m/e 459.2 [M+H]+; InMR (400 MHz, DMSO) 5 255 (IH, dd), 2.67 (2H, 
t), 2.78 (IH, dd, Ji=9 Hz. J2=17 Hz), 3.58 (2H. m), 4.00 (IH. d, J=17 Hz), 4.65 (2H, 
d, J=6 Hz), 5.03 (IH, m), 5.44 (IH, d. J=17 Hz), 7.00-7.29 (lOH, m), 7.80 (2H. d, 

20 J=5Hz), 8.78(1H, bs),9.10(lH, t,Ji=6Hz.J2=12Hz). 

Anal.(C26H26N4O4-1.5C2HF3O2-0.5 H2O) calcd: C, 54.55; H, 4.50; N, 8.77. found: 
C, 54.32; H, 4,61; N. 8.89. 

1 8(b) (R,S)-2,3,4,5-tetrahydro^3-oxo-4-(2-phenylethyl)-8-[[[4-(2- 
pyridyI)butyl]amino)carbonyl]-lH-1.4-benzodiazepine-2-acetic acid . HPLC RT 10.5 

25 min (YMC ODS-AQ, 50x250 mm, 80 mlVmin, 25% AN/W-TFA, UV detection at 
220 nm); MS(ES) m/e 501.2 [M+H]+; ^NMR (400 MHz; DMSO) 5 1J3 (2H, t), 
1.75 (2H. t), 2.55 (IH, dd), 2.68 (2H, t) 2.78 (IH, dd), 2.99 (2H, t), 3.27 (2H. m), 
3.59 (2H, m), 4.01 (IH, d). 5.00 (IH. t), 5.40 (IH, d), 6.90 (IH, d), 7.06 (2H, . 
m). 7.20 (3H. m), 7.28 (2H. m), 7.77 (IH, t), 7.85 (IH. d), 8.28 (IH. t). 8.35 

30 (IH. t). 8.74 (IH, d). Anal. (C29H32N4041.4C2H02F3-H20) calcd: C, 55.73; H, 
5.19; N, 8.12. found: C, 55.61; H, 5.08; N. 8.21. 
19(b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[4-(3- 
pyridyl)butyl]methylamino]carbonyl]-lH-l,4-benzodia2epine-2-acetic acid . HPLC 
RT 12.3 min (YMC ODS-AQ, 50 x 250 mm, 80 mlVmin, 30% AN/W-TFA, UV 

35 detection at 220 nm); MS(ES) m/e 515.2 [M+H]+; ^NMR (400 MHz, DMSO) 5 

1.31-1.70 (4H, m), 2.40-2.92 (m), 3.21 (IH. m). 3.40 (IH, m), 3.55 (2H, m), 3.98 
(IH, d), 5.01 (IH, m), 5.38 (IH, d), 6.40-6.55 (2H, m), 6.92-7.26 (6H. m), 7.77- 
7.94 (IH, m), 8.10-8.34 (m), 8.54-8.81 (2H, m). Anal. 
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(C30H34N4O4-C4H2F6O4) calcd: C, 54.99; H, 4.89, N. 7.54. found: C, 54.86; H, 
5.24; N, 7.81. 

20(b) (R,S)-2,3.4.5-tetrahydro-8-[[[2-(lH-imidazol-l-yl)ethyl]ainino]cai1)onyl]-3- 
oxo-4-(2-phenylethyl)-lH-l,4-ben20diazepine-2-acetic acid . HPLC RT 6.8 min 

5 (YMC ODS-AQ. 50 x 250 nm, 80 inL/min. 30% AN/W-1PA. UV detection at 220 
nm); MS(ES) m/e 462.2 [M+H]+; ^NMR (400 MHz, DMSO-d) 5 2.55 (IH, dd), 
2.66 (2H, t). 2.78 (IH. dd). 3.55 (2H, t). 3.65 (2H. t), 4.00 (IH. d). 4.35 (2H, t), 
5.00 (IH, m), 5.38 (IH, d), 6:00 (IH, bs), 6.87 (IH, d), 7.00 (IH, s), 7.07 (IH, 
d,), 7.13-7.28 (5H, m), 7.63 (IH, s). 7.73 (IH, s), 8.45 (IH, t). 9.09 (IH, s). 

10 Anal. (C25H27N504 l.5(C2HF302)H20) calcd: C, 51.69; H, 4.73; N. 10.79. 
found: C, 51.46; H, 4.66; N. 10.70. 

21(b) (R,S)-2,3,4,5-tetrahydro-8-[[[3-(lH-imidazol-l-yl)propyl]amino]carbonyl]-3- 
oxo-4-(2-phenyIethyl)-lH-l,4-benzodiazepine-2-aceQc acid . HPLC RT. 8.6 min 
(YMC ODS-AQ, 50 x 250 nm, 80 mUmin, 30% AN/W-TFA. UV detection at 220 
15 nra);MS(ES) m/e 476.2 [M+H]+;1nMR (400 MHz, DMSO-d) 5 2.06 (4H,bt), 

2.51 (IH. dd), 2.66 (4H, bt). 2.77 (IH, dd). 3.22 (4H, m), 3.58 (4H, bt), 4.00 
(IH. d). 4.20 (4H, t), 5.00 (IH, m), 5.40 (IH. d), 6.92 (IH, d). 7.05 (2H, m), 
7.15 (2H. m). 7.23 (2H, m). 7.68 (IH, s), 7.80 (IH. s), 8.37 (IH. t). 9.12 (IH. s); 
Anal. 

20 (C26H29N504-1.75C2HF302) calcd: C. 52.48; H. 4.59; N. 10.37. found: C. 
52.61; H, 4.98; N, 10.38. 

Example 22-23 

25 a) Using the procedure of Example 53(a) and 38(0. except substituting the compounds of 
Pieparadon 7(a) and (b) for 4-(aminomethyl)pyridine. and the procedure of Example 2(f), 
except substituting palladium hydroxide for palladium on carbon, gave: 

22(a) metiiyl (R,S)-2,3.4.5-tetrahydro-3-oxo-4-(2-phenyletfiyl)-8-[[[2-(l- 
30 pipcra2inyl)ethyl]amino]carbonyl]-lH-1.4-benzodiazepine-2-acetate. HPLC RT 5.3 
min (YMC ODS-AQ, 6 x 250 mm, 1.5 mlVmin, 30% AN/W-TFA, UV detection at 
220 nm). 

23(a) methyl (R,S)-2.3,4.5-teQ-ahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(l- 
piperazinyl)ethyl]methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acctate 

35 

b) Using the pnx:edure of Example l(j), except substituting the compounds of Example 
22(a) and23(a) for the compound of Example l(i) gave: 
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22(b)(1) (R,S)-2.3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(l- 
piperazinyl)ethyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acctic acid . HPLC RT 

7.4 min (YMC ODS-AQ, 50 x 250 mm. 80 mL/min, 22% AN/W-TFA, UV detection 
at 220 nm); MS(ES) m/e 480.2 [M+H]+; ^NMR (400 MHz, DMSO-d) 5 2.48-2.60 

5 (IH. dd). 2.70 (2H. t). 2.82 (IH. dd), 3.20 (2H. bs). 3.89 (8H. bs). 3.58 (4H, m), 

4.05 (IH, d). 5.00 (IH. l). 5.40 (IH, d). 6.97 (IH. d). 7.11 (2H, m). 7.18 (3H, 
m), 7.26 (IH. m). 8.50 (IH. bs). Anal. (C26H33N504-2.5(C2HF302)-2(H20)) 
calcd: C,46.39; H. 4.96; N, 8.73. found: C, 46.35; H, 4.88; N, 8.90. 

23(b) (R.S)-2.3,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(l- 
10 piperazinyl)ediyl]methylaminolcarbonyl]-lH-l,4-benzodiazepine-2-acetic acid . 

HPLC RT 9.8 min (YMC ODS-AQ. 50 x 250 nm, 80 mL/min, 25% AN/W-TFA, UV 
detection at 220 nm); MS(ES) m/e 494.2 [M+H]+; INMR (400 MHz. DMSO-d) 5 
2.52 (IH, dd), 2.68 (2H, m), 2.75 (IH. dd), 2.92 (3H, s). 2.94-3.30 (8H. m). 
3.50-4.10 (7H. m), 5.03 (IH. m), 5.40 (IH. d). 6.49 (IH. d), 6.57 (IH. s), 7.02 
15 (IH, d). 7.10-7.25 (5H. m); Anal.(C27H35N504-2.75 C2HF3O2) calcd: C. 48.36; 
H, 4.75: N, 8.68. found: C, 48.23; H, 4.86; N, 8.61. 

Rxamnlcs 24-25 

20 a) Using the procedure of Example 1(h) and the procedure of 13(b), except substituting the 
compounds of Preparation 8 and 9 for the compound of Example l(i) and deleting 
pyridine, gave: 

24(a) methyl (R,S)-8-I[I6-aminohexyl]amino]carbonyl]-2,3,4,5-tetrahydiio-3-oxo-4-(2- 
25 phenylethyl)-lH-l,4-benzodiazepine-2-acetate. TLC Rf 0.35 (Kieselgel 60 F254. 15:3:2 
2-butanol:formic acid:water); MS(ES) m/e 467. 
25(a) mediyl (R.S)-8-I[[6-aminobutyl]amino]carbonyl 

]-2.3,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetate. MS(ES) 
m/e 453.2. 

30 

b) Using the procedure of Example l(j). except substituting the compounds of Examples 
24(a) and 25(a) for the compound l(i) and substituting lithium hydroxide for sodium 
hydroxide, gave: 

35 24(b) (R,S)-8-([[6-aminohexyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid . MS(ES) m/e 467. Anal. 
(C26H34N404. 1.4 C2HO2F3) calcd: C, 55.13 ; H, 5.55; N, 8.8. found: C, 55.24; H, 

5.70; N, 8.9. 
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25(b) (R,S)-8-[[[6-amindbutyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid. MS(ES) m/e 439.2. Anal. 
(C24H30N4O4.I.5 H2O.O.I HCl) calcd: C, 61.03; H, 7.02; N, 11.62; CI. 1.10. found: 
5 C, 61.44; H, 7.1 1; N. 1 1.94; CI, 0.76. 

Example ?6 

Pn-.pararionoffR.SV2.3.4.5-tetrahvdrn-3-oxo-4-f2-DhenvlethvlV8-rrr3-(4- 
10 pYp7.nlvl1propvnaminn1carhonvl1-lH-L4-benzodiazepine-2-acetic.acid 

a) methyl (R,S)-2,3.4,5-tetrahydro-3-oxo-4-(2-phenylethyI)-8-[[[3-(4- 
pytazolyl)propyl]amino]carbonyl]-lH-l,4-benzodiazepine-2racetate 

The compound of Preparation 24(e) (776 mg, 2.0 mmol) dissolved in DMF (30 

15 mL) was treated with 3,3-DCC (458 mg, 2.2 mmol), 1-HOBT (285 mg, 2. 1 mmol) and 
adjusted to pH 7 with triethylamine. The mixture was treated with 2-(4- 
pyrazolyl)ethanamine dihydrochloride (300 mg, 2.4 mmol) (J. Am. Chem. Soc, 75, 4048 
(1953)), stirred at RT for 48 h, concentrated and the residue was purified by flash 
chromatography (silica gel, step gradient, chloroform to 95:5 chloroformrmethanol) to 

20 yield the tide compound (1 g, 90%). MS ES [M+H]+= 490; iR NMR (250 MHz) 5 7.44 
(s, 2H), 7.29-7.19 (m, 5H). 7.18-7.09 (m, 3H), 5.30 (dd, 2H J=7.5 Hz), 4.98-4.95 (m, 
IH), 3.73 (s, 3H), 3.70-3.60 (m, 3H), 3.43 (d, 2H, J=7.5 Hz), 3.00 (dd. 2H. J=7.0 Hz) 
2.77-2.65 (m, 2H), 2.63 (t, 2H. J=7 Hz),1.88 (p, 2H, J=7.5). 

25 b) (R.S)-2.3,4.5-tetrahydro-3-oxo-4-(2-phenylethyI)-8-I[[3-(4- 

pyrazolyl)propyl)amino]carbonyl]-lH-l,4-benzodia2epine-2-aceticacid 

Using the procedure of Example l(j), except substituting the compound of 
Example 26(a) for die compound of Example l(i), gave the title compound. MS(ES) 476 
[M+H]+; 1h NMR (400 MHz) 57.66 (s. 2H), 7.21-7.13 (m, 5H). 7.00-6.96 (m. 3H), 

30 5.47 (d, IH, J=16 Hz), 5.10 (m, IH), 3.70 (d. IH, J=16 Hz), 3.80-3.71 (m, IH), 3.70- 
3.60 (m, IH), 3.32 (t, 2H, J=1.6 Hz). 2.95 (dd. 2H. J=8 Hz), 2.75 (m, 2H), 2.66 (t, 
2H. J=8 Hz). 1.89 (p, 2H, J=8 Hz). 

Examples 27-29 

35 

a) Using the procedure of Example 26(a), except substituting histamine, 2-(l-methyl-lH- 
imidazol-4-yl)edianamine and 2-(l-mediyl-lH-imidazol-5-yl)ethanaminc for 2-(4- 



wo 94/14776 



-77- 



PCTAJS93/12436 



10 



pyiazolyl)ethanamine dihydrochloride and substituting l-(3-dimethylaininopropyl)-3- 
ethylcarbodiimide hydrochloride for l^-dicyclohexylcarbodiimide gave: 

27(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-(lH-imida2ol-4.yl)ethyl]amino]carbonyl]-3- 
oxo-4-(2-phenylethyl)- lH-1 ,4-benzodiazcpine-2- acetate 
28(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-(l-methyl-lH-imidazol-4- 
yl)ethyl]amino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodia2epine-2-acetate 

29(a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-(l-methyl-lH-imidazol-5- 
yl)ethyl]amino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodia2epinc-2-acetate 

b) Using the procedure of Example l(j). except substituting the compounds of Examples 
27-29(a) for the compound of Example l(i), gave: 

27(b) (R.S>2,3,4>tetrahydro-8-[[[2-(lH-imidazol-4-yl)ethyllamino]carbonyll-3-oxo-4- 
15 (2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid, MS(ES) m/e 462.2 [M+H]+; HPLC 
k* 3.2 (YMC ODS AQ. 22% AN/W-TFA, UV detection at 220 nm); TLC Rf 0.85 (siUca 
gel. 15:5:10:10 pyridine:acetic acid:butanol:water). Anal. (C25H27N504-1.25 H2O) 
calcd: C, 62.03; H, 6,14; N, 14.47. found: C. 61.89; H, 6.37; N, 14.20. 
28(b) (R,S)-2,3,4,5-tetrahydro-8-[[[2-(l-mcthyl-lH-imidazol-4-yl)ethyl]amino]carbonyl]- 
20 3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid. MS(ES) m/e 476 [M+H]+; 
HPLC k' 2.03 (YMC ODS AQ, 25% AN/W-TFA. UV detection at 220 nm); TLC Rf 0.90 
(silica gel, 15:5:10:10 pyridine:acetic acid:butanol:water); Anal. (C26H29N504-3.5 HQ- 
0.5 H2O) calcd: C. 51.01; H. 5.51; N, 11.44. found: C. 50.96; H, 5.13; N, 11.72. 
29(b) (R,S)-2,3.4.5-tetrahydro-8-[([2-(l-methyl-lH-imidazol-5-yl)ethyl]amino]carbonyl]- 
25 3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid. MS(ES) m/e 476 [M+H]+; 
HPLC k' 2.03 (YMC ODS AQ, 25% AN/W-TFA, UV detection at 220 nm); TLC Rf 0.90 
(silica gel, 15:5:10:10 pyridine:acetic acid:butanol:water); Anal.-(C26H29N504-5 HCl- 
0.5 H2O) calcd: C, 46.83; H, 5.29; N, 10.50. found: C, 47.20; H, 5.70; N. 10.47. 

30 Example 30 

Preparation of (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[I[2-(2- 
pyrazinyl)ethyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid 

35 a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2- 
pyrazinyl)ethyl]amino]carbonyl]-lH-l,4-benzodiazepine-2-acetate 
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Using the procedure of Example 26(a)» except substituting the compound of 
Preparation 10(b) for histamine and substituting diisopropylethylaminc for tricthylamine 
gave the title compound. MS(ES) m/e [M+H]+ 488; NMR (250 MHz) 5 
8.40-8.55 (m. 3H). 7.10-7.28 (m, 5H), 6.81-6.99 (m, 3H). 5,46 (d, IH), 5.14 (m, IH), 
5 3.56-3.80 (m, 6H), 3.19 (t, 2H), 2.90 (dd, IH), 2.72-2.85 (m. 4H), 2.61 (dd, IH). 

b) (R.S)-2,3.4.5-tetrahydro-3-oxo-4-(2-phenylethyl).8-[[[2- (2- 
pyrazinyl)ediyllamino]carbonyl]-lH-l,4-ben2odiazepinc-2-accticacid 

Using the procedure of Example l(j), except substituting the compound of 
10 Example 30(a) for the compound of Example l(i), gave die ride compound. MS(ES) m/e 
[M+H]+ 474; ^H NMR (400 MHz) 5 8.40-8.70 (m, 3H), 7.10-7.31 (m, 5H), 6.88 (d, 
IH), 6.70 (d, IH), 6.63 (m, IH), 5.37 (d, IH), 5.06 (m, IH), 3.57-3.81 (m, 3H), 3.18 
(t, 2H), 2.74-2.97 (m, 5H), 2.61 (dd, IH). 

15 Example 31 

Preparation of rR.SV7>rfr4-faTninometh vnphenvl1carbonvn-aminol-23,4,5- 
tetrahvdro-l-methvl-3-oxo-4-f2-Dh envlethvlV1H-1.4-ben2odiazepine-2-acetic Acid 

20 a) benzyl (R,S)-7-[[[4-[N-(t-butoxycarbonyl)amino-metiiyl]phenyl]carbonyl]amino]- 
2,3,4,5-tetrahydro-l-methyl-3-oxo-4-(2-phcnylethyl)-lH-l,4-bcnzodiazepine-2- 
acetate 

Using the procedure of 30(a), except substituting the compound of 
Preparation 23(g) for the compound of Preparation 24(e) and substituting 4-[(t- 

25 butoxycarbonyl)(aminomethyl)]benzoic acid for the compound of Preparation 10(b) 
and substituting CH2CI2 for DMF, yielded the tide compound (100 mg, 38%). ^H 
NMR (400 MHz, CDCI3) 5 1.45 (9H, s), 2.54 (3H. s), 2.61 (IH. dd). 2.74 (2H, t), 
3.04 (IH, dd), 3.50 (IH, dt), 3.72 (IH, d), 3.88 (IH, dt), 4.28 (2H, d). 4.66 (IH, 
m), 4.99 (IH, d), 5.08 (2H, ABq), 5.40 (IH, t), 6.72 (IH, d), 7.00 (2H, d), 7.05- 

30 7.19 (3H, 2t), 7.20-7.48 (5H, m), 7.80 (IH, d), 8.70 (IH, s). 

b)(R,S)-7-[[[(4-aminomeUiyl)phenyl]carbonyl]amino]-2.3.4,5-tetrahydro-l-methyl- 
3-oxo-4-(2-phenylethyl)- 1 H- 1 ,4-benzodiazepine-2-acetic acid 

A solution of the compound of Example 3 1(a) (100 mg, 0.2 mmol) in 
35 CH2CI2 (1 5 mL) was treated with 4M hydrogen chloride in dioxane (0.5 mL, 2.0 
mmol) and stirred at RT for 4.5 h. The mixture was concentrated and the residue was 
suspended in a mixture of ethyl acetate (15 mL), 3N hydrochloric acid (2 mL) and 4M 0 
hydrogen chloride in dioxane .(1 mL). The suspension was added to an argon purged " 
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Parr bottle containing palladium hydroxide (100 mg) and hydrogenated (50 psi) for 24 
h. The mixture was filtered and concentrated to yield the title compound as a white 
powder (50 mg, 52%). HPLC RT 8.0 min (YMC ODS-AQ, 50 x 250 mm, 80 
mUmin, 27.5% AN/W-TFA, UV detection at 220 nm); MS(ES) m/e 487.2 [M+H]+; 
5 iNMR (400 MHz, DMS0-d6) 5 2.70 (IH, dd), 2.82 (IH, dd). 3.88 (2H. dt), 4.08 
(IH, d), 4.13 (2H. s), 4.68 (IH, m), 5.13 (IH. d), 6.94 (IH, d), 7.02-7.20 (4H, 
m). 7.48-7.62 (3H, m), 8.01 (2H d), 8.25 (2H, m); Anal. 
(C28H30N4O4 l.5(C2HF3O2)-1.4 (H2O)) calcd: C, 54.57; H, 5.06; N, 8.21. 

found: C. 54.95; H, 5.11; N, 7.81. 

10 

Example 32 

Preparation of fR.SV8-rrf2-f4-pvrid vnethvnmethvl-aminolcarbonvl1-2.3.4.S-tetrahvdro- 
3.oxo.4.f2-phenvlethvlVlH-l ■4-benzodia2epine-2-acetic acid 

15 

a) methyl (R,S)-8-[[[2-(4-pyridyl)ethyl]methylamino]-carbonyll-2,3,4,5-tetrahydro-3- 
oxo-4-(2-phenylethyl)-lH-l,4-benzodia2epine-2-acetate 

Using the procedure of Example 27(a), except substituting N-methyl-2-(4- 
pyridyl)ethanamine for histamine and deleting the diisopropylethylamine, gave the tide 
20 compound. HPLC RT 16.6 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, 
A:acetonitrile B:water-0. 1 % trifluoracetic acid, 10-80% A during 20 min, UV 
detection at 220 nm; MS(ES) m/e 487 [M+H]+. 

b) (R,S)-8-[[[2-(4-pyiidyl)ethyllmethylamino]carbonyl]-2,3,4,5-tetrahydiD-3-oxo-4- 
25 (2-phenylethyl)- lH-1 ,4-benzodiazepine-2-acetic Acid 

Using the procedure of Example l(j), except substituting the compound of 
Example 32(a) for the compound of Example 1 (i), gave the title compound. ^H 
NMR(DMSO de/TFA. 360 MHz) 6 8.8 (br, 2H), 8.0 (br, IH), 7.7 (br, IH), 7.15 (m, 
5H), 6.0 (br. IH), 6.3 (br, 2H), 5.35 (d, IH). 5.0 (m, IH). 3.95 (d, IH), 3.75 (br. 2H). 
30 3.6 (m, 3H), 3.15 (br, 2H), 2.9 (br, 3H), 2.75 (m, IH). 2.65 (m, 2H); MS(ES) m/e 487 
[M+H]+. 

Example 33 

Preparation of fR.SV8-rrr4 -fnimethvlaminQ^hutvnamino1-carhonvll-2.3.4.5-ten-ahvriro-3- 
35 oxo-4-f2^phenvlethvlVlH- 1 ■4-henzodiazepine-2-aceric acid 



a) methyl (R,S)-8-[[[4-(Dimethylamino)butyl]amino]carbonyl]-2,3.4,5-tetiahydro-3-oxo- 
4-(2-phenylethyl)- IH- 1 ,4-benzodiazepine-2-aceiate 
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Using the proceduie of Example 32(a), except substituting 4- 
(dimethylaniino)butanainine for N-methyl-2-(4-pyridyl)ethananiine and except substituting 
dimethylaminopyridine for 1 -hydroxy benzotiiazole, gave the title compound. MS(ES) m/e 
481 [M+H]+; 1h NMR (250 MHz) 5 7.44-7.50 (m, IH), 6.98-7.28 (m. 7H), 6.81 (d. 
5 IH), 5.27 (d, IH), 5.00 (m, IH), 3.56-3.80 (m. 6H). 3.44 (q, 2H). 3.00 (dd, IH). 
2.63-2.85 (m, 3H), 2.69 (dd, IH), 2.48-2.52 (m, 2H), 2.32 (s, 6H), 1.66-1.77 (m, 4H). 

b) (R,S)-8-[[[4-(Dimethylamino)butyI]amiiio]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylethyl)- IH- 1 ,4-benzodia2cpine-2-acetic acid 
10 Using the procedure of Example 1 (j), except substituting the compound of 

Example 33(a) for the compound of Example l(i). gave the dtle compound. MS(ES) m/e 
467 [M+H]+; NMR (400 MHz) 5 7.00-7.31 (m, 6H). 6.98 (d, IH), 6.84 (d, IH), 
5.34 (d, IH). 5.00 (m. IH). 3.57-3.81 (m, 3H), 3.42 (q, 2H). 2.96 (dd. IH), 2.62-2.80 
(m, 3H). 2.50 (q, 2H), 2.34 (s, 6H). 1.65-1.74 (m, 4H). 

15 

Eyamplg 34 

Preparation fR.SV2.3.4.5-tetrahvdro-3-oxo-4-f2-phenvlethvn-8-rrr2-r4- 
piperidinvnethvnaminokarbonvll-lH-1 .4-benzodiazepine-2-acetic acid 

20 

a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4- 
piperidinyl)ethyl]amino]carbonyl]- IH- 1 ,4-benzodia2epine-2-acetate 

A solution of die compound of Example 9(a) (0.45 g, 1 mmol) and 0.6N 
hydrochloric acid (3.1 mL) in medianol was treated with platinum oxide (90 mg) and 
25 hydrogenated (45 psi) for 5 h. The mixture was degassed and platinum oxide C74 mg) was 
added and the mixture was hydrogenated (45 psi) for 16 h, filtered and concentrated to 
yield die tide compound. MS(ES) m/e 479.2 [M+H]+. 

b) (R,S)-2.3,4,5-tetrahydro-3-oxo-4-(2-phenylediyl)-8-[[[2-(4- 

30 piperidinyl)ethyl]amino]cari3onyl]- IH- 1 ,4-benzodiazepine-2-acetic acid 

bis(trifluoroacetate) 

Using the procedure of Example l(j), except substituting the compound of 

Example 34(a) for die compound l(i), gave the title compound. HPLC RT 16.1 min (YMC 

ODS-AQ, 6 X 250 mm, 1.5 mlVmin, gradient, A:acetonitnle B:water-0.1% trifluoracetic 
35 acid. 10-80% A during 20 min, UV detection at 220 nra); ^H NMR(DMSO d6/TFA. 360 

MHz) 6 8.5 (br. IH). 8.3 (m. 2H), 7.3 (m, 2H), 7.15 (m, 2H), 7.05 (m, 2H), 6.9 (d. 

IH), 5.39 (d. IH), 5.0 (m. IH), 4.0 (d, IH), 3.55 (m. 2H), 3.25 (d. 3H), 2.55-2.8 (m. 

3H), 1.2-1.8 (m, 9H); MS(ES) m/e 479 [M+H]+. 
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Example 35 

PrepararionfR.SV2.3.4 5-tetrahvdro-3-oxo-4-(2-phRnvlethvn-8-rfr2-M- 
S piperidinvl^thvnmethvlamino1carbonvl1-lH-l ■4-benzodiazepine-2-acetic acid 

a) methyl (R,S)-2,3.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2.(4- 
piperidinyl)ethyl]methylammb]carbonyl]-lH-l,4-benzodiazepine-2-acetate 

A solution of the compound of Example 32(a) (0.1 g, 0.2 mmol) and 0.6N 
10 hydrochloric add (0.6 mL) in methanol (30 mL) was treated with platinum oxide (S mg) 
and hydrogenated (45 psi) overnight. The mixture was fUteied and concentrated to give 
the title compound. MS(ES) m/e 493 [M+H]+. 

b) (R.S)-2,3A5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4- 

15 piperiduiyl)ethyl]methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acedc Add 
Bis(triflu(»oacetate) 

Using the procedure of Example l(j), except substituting the compound of 
Example 35(a) for the compound l(i), gave the title compound (130 mg, 92%). HPLC RT 
16.6 mirt (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, A:acetonitrile Brwater- 

20 0. 1% TPA, 10-80% A during 20 min, UV detections at 220 nm); NMR(DMSO 

d6/TFA. 360 MHz) 5 8.5 (br, IH), 8.1 (br, IH), 7.2 (m. 5H). 70 (d. IH), 6.5 (s, IH), 
6.45 (d, IH). 5.4 (d, IH), 4,95 (m, IH), 3.95 (d, IH), 3.6 (br. 2H), 3.44 (br. IH), 
3.09-3.25 (br, 4H), 2.69-2.85 (m, 6H), 1.85 (br. IH), 1.1-1.86 (m, 8H); MS(ES) m/e 
493[M+H]+. 

25 

Example 36 

Preparation fR.SV2.3.4.5-tetrahvdiin-3-oxn-4-r2-fcvclohexvn-ethvn-R-rrr2.f4- 
pii>eridinvnethvllmethvlamino1carbonvn-lH-l .4-benzodia2epine-2-acetic acid 

30 

a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-[2-(cyclohexyl)-ethyl]-8-[[[2-(4- 
pyridyl)ediyl]methylamino]carbonyl]- IH- 1 ,4-benzodiazcpine-2-acetate 

A solution of the compound of Example 32(a) (0.6 g, 1.2 mmol) and 0.6N 
hydrochloric acid (4.0 mL) in methanol (50 mL) was treated with platinum oxide (120 mg) 
35 and hydrogenated (45 psi) and the mixture was fUteied and concentrated to give the title 
compound. HPLC RT22 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, 
A:acetonitrile B:water-0. 1% TFA, 10-80% A during 20 min, UV detections at 220 nm; 
MS(ES) m/e 5 12 IM+H]+. 
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b) (R,S)-23,4.5-tetrahydro.3-oxo-4-[2-(cyciohexyl)ethyl]-8-[[[2.(4- 
pyridyl)ethyl]methylamino]carbonyl]-lH-l ,4-benzodiazepine-2-acetic acid 
bis(tTifluoroacetate) 

5 Using the procedure of Example l(j). except substituting the compound of 

Example 36(a) for the compound l(i), gave the tide compound (35 mg, 4%). HPLC RT 
19.8 min (YMC ODS-AQ, 6 x 250 mm, 1.5 mL/min, gradient, Aracetonitiiie Biwater- 
0.1% trifluoracetic acid. 10-80% A during 20 min, UV detection at 220 nm); 
NMR(DMSO d6/TFA, 360 MHz) 5 8.5 (br, IH). 8.15 (br, IH), 7.0 (d, IH), 6.5 (s, IH), 
10 6.4 (d. IH), 5.4 (d, IH), 4.95 (m, IH), 3,89 (d, IH), 3.2-3.5 (br. 7H), 2.8 (br, 7H), 
0.75-1.85 (m, 23H); MS(ES) m/e 499 [M+H]+ 

Example 37 

15 Preparation of methvl fR.SV8-rr2-r4-ri-fmethvnDvridiniumV 

ethvnmethvlaminQl carbonvn-4-r2-ph envlethvlV2.3.4,5-tetrahvdrQ-3-oxo-4-f2- 
phcnylethvlVlH-1.4-bcnzodia2epine-2-acetate Iodide 

The compound of Example 32(a) (0.1 1 g, 2.2 mmol) dissolved in acetonitrile (10 
mL) was treated with iodomethane (0J2 mL, 3.2 mmol) and heated to reflux for 24 h, 

20 concentrated in vacuo (toluene azeotrope) and triturated with ether to yield the tide 

compound as a yellow solid. 1h NMR(DMSO dg/TFA, 250 MHz) 5 8.8 (br, 2H), 8.05 
(br. IH), 7.15 (m, 6H), 6.99 (br. IH), 6.4 (br. 2H), 5.35 (d, IH), 5.05 (m, IH). 4.25 
(s, 3H). 3.95 (d. IH). 3.75 (br, 3H). 3.55 (s, 3H), 2.6-3.15 (m, IIH); MS(ES) m/c 641 
[M-H]. 515.2 [M+H]+. 

25 

Examplp3g-39 

Preparation fR.SV2.3.4.5-tetrahvdro-3-oxo-4-r2-fcvclohexvnethvn -8-rrr2-fl-methvl-4- 
piperidinvnethvllmethvlaminolcarbonvn-lH-l 4-ben2odiazepine-2-acetic acid and 
30 fR.SV2.3.4.5.t etrahvdro-3-oxo-4-f2-phenv]cthvlV8-rrr2-fl-methvl-4- 

pipcridinvnethvnmethvlamino1carbonvll-lH-L4-benzodiazepine-2-aceric acid 

a) A solution of the compound of Example 37 (0.3 g. 0.47 mmol) in methanol (35 mL) 
was treated widi platinum oxide (27 mg) and hydrogenated for 8 h, filtered and 
35 concentrated to yield a mixture of the following compounds: 

38(a) methyl (R.S)-2,3.4.5-tetrahydro-3-oxo-4-[2-(cyclohexyl)ethyl].8-[[[2-(l-methyM- 
piperidinyl)ethyl]-metiiylamino]carbonyI]- IH- l,4-benzodiazcpine-2-acetatc 
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39(a) methyl (R,S)-2,3,4,5-tetrahydn)-3-oxo-4-(2-phenylethyl)-8-[([2-(l-inethyl-4- 
piperidinyl)ethyl]-methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acetate 

b) Using the procedure of the Example l(j)» except substituting the compounds of 
5 Examples 74-75(a) for the compound of Example 1 (i), and purifying the resultant mixture 
by HPLC (YMC ODS AQ, 50 x 250 mm, 90 mUmin, 27% AN/W-TFA, UV detection at 
220 nm) yielded: 

38(b) (R.S)-2.3.4,5-tetrahydro-3-6xo-4-[2-(cyclohexyl)ethyl]-8-[[[2-(l-methyl-4- 
10 piperidinyl)ethyI]methyIainino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid: 

NMR(DMSO de/TFA, 360 MHz) 5 9.14 (br. IH), 7.0 (d, IH), 6.5 (s, IH), 6.45 (d. 

IH), 5.4 (d, IH), 5.0 (m, IH), 3,89 (d, IH). 2.9-3.5 (br, 6H), 2.25-2.85 (m. lOH), 1.9 

(br, IH), 0.76-1.55 (m. 19H); MS(ES) m/e 513 IM+HJ+. 

39(b) (R,S)-2.3.4,5-tetrahydro-3-oxo-4-(2-phenylcthyl)-8-[[(2-(l-methyl-4- 
15 piperidinyl)ethyl]methylamino]carbonyl]-lH-l,4-benzodia2epine-2-acetic acid: ^H 

NMR(DMSO d6/TFA, 360 MHz) 5 9.1 (br, IH), 7.2 (m, 5H), 7.0 (d, IH), 6.5 (s, IH), 

6.45 (d, IH). 5.4 (d, IH). 5.0 (m, IH), 3,95 (m, IH), 3.55 (m, 9H), 3.4 (br, 2H), 3.2 

(br, 2H), 2.85 (s, 3H), 2.65-2.75 (m, 7H), 1.95 (br, IH), 1.0-1.49(br. 8H); MS(ES) m/e 

507 IM+H1+. 

20 

Example 40 

Prenararion of rS-fR .S^1-8-rrr4-rN-falanvnaminomethvll phenvnaminolcarbonvn- 
2.3.4.5-tetrahvdro-3-oxo-4-f2-Dhenvlethvn-lH-1.4-henzodiazepine-2-aceticacid 

25 

a) methyl [S-(R,S)]-8-[[[4-[N-[N-(t-butoxycarbonyl)- 

alanyl]aminomethyl]phenyl]amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- 
IH- 1 ,4-ben2X)dia2epine-2-acetate 

Using the procedure of Example 17, except substituting the compound of 

30 Preparation 1 1 (b) for 4-(aminomethyl)pyridine, gave the title compound (427 mg, 65%): 
TLC Rf 0.52 (ethyl acetate); HPLC RT 84.0 min (Ultraspherc ODS 4.6 mm x 15 cm, 
30% ANAV-TFA, 1.5 mL/min, UV detection at 240 nm); ^H NMR (CDCI3) 5 1.34 (d, 
J=7.16 Hz. 3H), 1.39 (s, 9H), 2.61 (m, IH), 2.75 (m, 2H), 2.92 (m, IH), 3.62-3.72 
(m, 3H), 3.70 (s, 3H), 4.18 (m, IH). 4.34 (m, 2H), 4.96 (dd, J=6.6. 6.6 Hz, IH), 5.12 

35 (br s, IH), 5.27 (d, J=16.6 Hz, IH), 6.71 (br s, IH), 6.84 (d, J=8.3 Hz, IH), 7.04-7.23 
(m. 9H), 7.51 (d. J=7.9 Hz. 2H), 8.13 (br s, IH). 
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b) [S-(R.S)]-8-{[[4-[N-[N-(t-butoxycarbonyl)- 

alanyl]aminomethyl]phenyl]amino]carbonyl]-23.4.5-tetrahydro-3-oxo-4-(2-phenylcthyl)- 

lH-l,4-benzodia2epme-2-acetic acid 

Using the procedure of Example l(j). except substituting the compound of 
5 Example 40(a) for the compound of Example 1 (i), gave the dtle compound (360 mg, 

88%): HPLC RT 33.8 min (Ultrasphere ODS, 4.6 mm x 15 cm, 30% ANAV-TFA. 1.5 

mL/min, UV detection at 240 nm); 1h NMR (CD3OD) 5 1.32 (d. J=7.2 Hz, 3H), 1.44 (s. 

9H). 2.65 (dd. J=5.2, 16.7 Hz. IH), 2.78 (m. 2H). 2.95 (dd. J=8.9, 16.7 Hz, IH). 3.67 

(m. IH). 3.76 (m. IH). 3.92 (d. J=17.0 Hz. IH). 4.09 (m. IH). 4.33 (m, IH), 4.42 (m, 
10 IH). 5.12 (dd. J=5.2. 8.9 Hz. IH). 5.48 (d, J=16.8 Hz. IH). 7.01-7.23 (ra. 8H). 7^28 

(d, J=8.3 Hz, 2H), 7.61 (d, J=8.3 Hz. 2H). 

c) [S-(R,S)l-8-[[[4-[N-(alanyl)aminomethyl]phenyl]-amino]carbonyl]-2,3,4,5-tetrahydro- 
3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic add hydrochloride 

15 Using the procedure of Example 3 1 (b), except substituting the compound of 

Example 40(b) for the compound of Example 3 1 (a) gave the tide compound ( 1 60 mg, 
51%) as a pale yellow powder: HPLC RT 3.1 min (Ultrasphere ODS 4.6 mm x 15 cm. 
30% ANAV-TFA, 1.5 mL/min. UV detection at 240 nm); ^H NMR (CD3OD) 5 1.52 (d, 
J=7.1 Hz, 3H), 2.67 (dd. J=5.1, 16.7 Hz, IH). 2.77 (m. 2H). 2,96 (dd, J=8.9, 16.7 Hz, 

20 IH), 3.59-3.77 (m, 2H). 3.84-3.98 (m. 2H), 4.40 (s, 2H). 5.1 1 (dd, J=5.1, 8.9 Hz, 
IH), 5.45 (d, J=16.7 Hz. IH). 7.02-7.22 (m, 8H), 7.29 (d, J=8.5 Hz, 2H), 7.64 (d, 
J=8.5 Hz. 2H); MS(ES) m/e 544.2 (M+H)+ Anal, calcd (C3()H33N505-Ha.3H20): C, 
56.82; H, 6.36; N, 11.04. foun± C. 56.89; H. 6.11; N, 10.90. 

25 Example 41 

Preparation of 8-fr4-faminoiminomethvDbenzoyl1amino1-4.5-dihvdro-2 -methvl-3- 
nxn-4-r2-phenvlethv n-3H-1.4-benzodiazepine 

30 Using the procedure of Preparation 26(e). except substituting TFA for 

hydrochloric acid, yielded a mixnire of 8-[[4-(aminoiminomethyl)benzoyi]-amino]- 
2,3,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)- IH- 1 ,4-benzodiazepinc-2-acetic acid 
and the tide compound (80 mg) which were separated by HPLC RT 24.8 min 
(YMC ODS AQ. 50 x 250 mm, 85 mL/min, 30% AN/W-TFA. UV detection at 220 

35 nm); ^H NMR (400 MHz, MeOD4) 5 8.1(d, 2H), 7.9(d, 2H). 7.75(s. 

lH),7.60(d. IH), 7.35(d, IH), 7.22-7.12(m, 5H), 4.20(m. 2H), 3.70(m. 2H). 
2.85(m, 2H). 2.42(s, 3H); MS(ES) m/e 440 [M+H]+. 
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Example 42 

Preparation of rR.SV8-ffr4-(aminoiminomcthvnphenvn-methvlamino1carbonvn- 
23.4.5-tetrahvdb'o>2-methvl-3- Qxo-4-f2-DhenvlethvlVlH-L4-hen7nriia7fipi^^ 

5 

a) l-butyl (R,S)-3-[2-(l-methoxy-l-oxo-2-propyl)-amino]-4-[N-(i- 
butoxycarbonyl]-N-(2-phenylethyl)-aminomethyl]benzoate 

The compound of Preparation 24(b) (850 mg, 2 mmol), 
diisopropylethylamine (400 mg, 3 mmol), D JL-methyl-a-bromopropionate (600 

10 mg, >3 mmol), and a catalytic amount of teirabutylammonium iodide (12 mg) were 
dissolved in DMF (10 mL) and heated to 90°C for 20 h with stirring. The mixture 
was concentrated and the residue was dissolved in ethyl acetate and washed 
sequentially with dilute hydrochloric acid, 5% sodium bicarbonate and brine, dried 
(magnesium sulfate) and concentrated The residue was dissolved in ethyl acetate 

15 , and chromatographed (silica gel, 4% ethyl acetate:hexane) to give the title 
compound (800 mg, 70%): MS(ES) m/e 513 [M+H]+ 

b) methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-2-methyl-3-oxo-4-(2- 
phenylethyl)-lH-l,4-benzodiazepine 

20 Using the procedure of Example 1(g), except substituting the compound of 

Example 42(a) for the compound of Example 1(0, gave the tide compound (290 
mg, 54%): MS(ES) m/e 325 [M+H]+ Anal. (C19H20N2O3 O.5 H2O) calcd: C, 
68.45, H, 6.35; N, 8.40. found: C, 68.24; H, 6.23; N. 7.92. 

25 c) (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-aminoimino- 

methyl]phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-2 methyl-3-oxo-4-(2- 
phenylethy I)- 1 H- 1 ,4-benzodiazepine 

Using the procedure of Example 1(h), except substituting the compound of 
Example 42(b) for the compound of Example 1(g), gave die tide compound (120 

30 mg, 39%): MS(ES) m/e 590 [M+H]+ 

d) (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5- 

tetrahydro-2-methyl-3-oxo-4-(2-phenyletiiyl)-lH,-l,4-ben2odiazepine 

dihydrochloride 

35 Using the procedure of Ex'unple 2(0, except substituting die compound of 

Example 42(c) for die compound of Example 2(e), gave the title compound (70 
mg, 54%): MS(ES) m/e 456.2 [M+H]+; NMR (400 MHz, MeOD4) 5 9.2 (s, 
IH), 8.7 (s, IH), 7.65 (d, 2H), 7.36 (d, 2H). 7.2-7.06 (m, 5H), 6.77 (d, IH), 
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6.75 (s, IH), 6.47 (d, IH), 5.3 (d. IH), 4.77 (m, IH), 3.85 (d, IH), 3,75-3.6 
(m, 2H), 3.45 (s. 3H), 2.67 (m. 2H). 1.25 (d, 3H); Anal. 
(C27H29N502-2HCM.5 H2O) calcd: C. 58.38; H. 6.07; N, 12.60. found: C. 
58.59; H, 5.89; N, 12.65. 

5 

E^^amplg 43 

Preparation of ethvl fR.SV8-rrrf4-raminoiminomethvnphenvlVTneth v]amino1carbonvn- 
2.3.4.5-tctrahvdro-3- nxo-4-f2-DhenvlethvlVlH-1.4-benzodia2epine-2-acetatc 

10 

a) ethyl (R,S)-8-carboxy-2,3,4.5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l ,4- 
ben2odia2epine-2-acetate 

The compound of Preparation 24(e) (2.0 g, 4.77 mmol) was dissolved in a 
solution prepared by dissolving sodium metal (1.15 g) in absolute cthanol (75 mL). The 

15 reaction mixture was stirred 2 h, acidified with 1.0 M hydrogen chloride in ether, 

concentrated and the residue was dissolved in ethanol and 5% sodium carbonate was added 
until all material dissolved. The solution was then acidified with acetic acid and the 
resulting precipitate filtered, dried and recrystallized from ethanol to give the title 
compound (0.6 g.. 42%): NMR (400 MHz, DMSO-d6) 5 7.1-7.3 (m, 6H), 7.05 (s, 

20 2H), 6.1 (d. IH), 5.4 (d, IH), 5.05 (m, IH), 4.0-4.15 (m, 3H), 3.6 (t, 2H), 2.8 (dd, 
IH), 2.7 (m, 2H), 2.6 (dd, IH), 1.7 (t, 3H), 

b) ethyl (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methyl-amino]carbonyl]-2,3,4,5- 
tetrahydro-3'"Oxo-4-(2-pheny lethy 1)- 1 H- 1 ,4-benzodiazepine-2-acctate 

25 Using the procedure of Examples 1 (h) and 2(f), except substituting the compoimd 

of Example 43(a) for the compound of Example 1(g), gave the tide compound (0.07 g, 
50%): iH NMR (400 MHz, DMSO-de) 5 9.2 (s, 2H), 9.0 (s, 2H). 7.7 (d, 2H), 7.4 (d, 
2H), 7.1-7.25 (m, 6H), 6.8 (d, IH), 6.75 (s. IH), 6.25 (d, IH), 6.0 (d. IH), 5.3 (d, 
IH), 5.0 (m, IH). 4.1 (q, 2H), 3.9 (d, IH), 3.55 (m, 2H), 3.4 (s, 3H), 2.8 (dd, IH). 

30 2.55-2.7 (m. 3H), L2 (t, 3H); MS(ES) m/e 528.4 [M+H1+. 

Preparation of fR.SVff8-r4-faminoiminomethyl)phenvl1-methvlamino1carbonvn- 
35 2.3.4.5*tetrahvdrQ'3-oxo-4-f2-phcnvlethvn-lH-1.4-benzodiazepine-2-acctamide 
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a) 8-[[[4-[N-(ben2yloxycarbonyl)-aminoiminomeihyl]- 
phenyl]methylamino]carbonyl]-2,3,4,5-tetrahydro-3-ox(>4-(2-phcnylethyl)-lH- 
1 ,4-ben2odia2epine-2-acetainide 

The compound of Preparation 25(c) (400 mg, 0.61 mmol) was dissolved in 
5 methanol (50 mL), cooled in an ice bath and saturated with ammonia. The flask 
was stoppered securely and put in the refrigerator for 5 d. The solution was 
concentrated and the residue was purified by flash chromatography (silica gel, 5% 
methanol/water) to give the tide compound (190 mg, 48%): MS(ES) m/e 633.2 
[M+H]+; iH NMR (400 MHz, CDCI3) 5 7.7 (d, J=8.5 Hz, 2H), 7.45-7.05 (m, 
10 12H), 6.6 (d, J=L4 Hz 1H),6.56 (d, J=8.0 Hz, IH), 6.38 (d,d. J=8.0, 1.4 Hz, 
IH), 5.19 (s, 2H), 5.18 (d, J=16.8 Hz, IH). 4.88 (m, IH), 4.17 (d. J=5.3 Hz, 
IH), 3.7 (s, 3H), 3.65 (m, 2H), 3.55 (d, J=16.8 Hz, IH) 3.45 (s, 3H), 2.9 (d,d, 
J=16, 6,9 Hz, IH), 2.7 (m, 2H), 2.6 (d,d, J=16, 6.3 Hz, IH). 

15 b) 8-[[[4-(aminoiminomethyl)phenyl]methyIamino]-carbonyl]-2,3,4,5-tetrahydro- 
3-oxo-4-(2-phenylethyl)-lH-l ,4-benzodiazepine-2-acetamide trifluoroacetate 

Using the procedure of Example 2(f), except subsdtuting the compound of 
Example 44(a) for the compound of Example 2(e), gave the tide compound (45 mg, 25%): 
MS(ES) m/e 499 (M+H)+, 497 (M-H)-; 1H NMR (400 MHz, MeOD4) 5 7.75 (d, J=8.5 

20 Hz, 2H), 7.36 (d, J=8.5 Hz, 2H), 7.22-7.10 (m, 5H), 6.77 (d. J=7.8, IH) 6.71 (s, IH), 
6.48 (d, J=7.8 Hz, 1H),5.31 (d, J=16,8 Hz, IH), 5.04 (m, IH), 3.84 (d, J=16.8 Hz), 

3.68-3.5 (m, 2H), 3.47 (s, 3H), 2.88 (d,d, J=16, 6.9 Hz, IH), 2.68 (m, 2H), 2.49 (d,d, 
J=16, 6.3 Hz, IH); Anal. (C28H30N6O3 1.5 TFA) calcd: C. 55.60; H, 4.74; N, 12.55. 
found: C, 55.52; H, 4.90; N = 12.47. 

25 

Example 45 

Preparation of fR.SV8-rrf4-faminoiminomethvnphenvn-methvlaminQlcarbQnvn- 
2.3.4.5-tetrahvdro-3-oxo>4-f2-phenvlethvn-lH-1.4-henzodiazepine-2-cthanol 

30 

a) (R,S)-8-[[[4-[N-(benzyloxycarbonyl)-(aminoimino- 
methyl]phenyl]methylamino]carbonyI]-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylethyl)- IH- 1 ,4-benzodiazepine-2-ethanoh 

The compound of Preparation 25(c) (0.5 g, 0.77 mmol) in THF (25 mL) 
35 was treated with sodium borohydride (300 mg, 8 mmol), lithium chloride (255 mg, 
6 mmol) and absolute ethanol (40 mL). The reaction stirred 4.5 h, neutralized with 
3N hydrochloric acid, concentrated and the residue was treated with water and 
ethyl acetate. The organic phase was washed with brine, dried (magnesium 



wo 94/14776 



-88- 



PCTAJS93/12436 



sulfate), concentrated, and chromatographed (siUca gel. 3% methanoVdichloro- 
mcthane) to yield the tiUe compound (95 mg. 20%): MS(ES) m/e 620.2 [M+H1+ 
618.2 [M-H]-; iR NMR (400 MHz, CDCla) 5 7.65(d. 2H; J=8.45), 7.44- 
7.27(m, 5H), 7.20(d. 2H; J=8.45), 7.l8-7.08(m. 5H), 6.60 (m, 2H), 6.25(s, 
5 IH). 5.21(d, 2H). 5.16(d, 2H; J=16.8), 4.50(m. IH), 3.68-3.64 (m. 4H), 
3.55(d. 2H; J=16.8). 3.47(s. 3H), 2.72(m, 2H). 1.96(m. IH). 1.85(m. IH) 

b) (R,S)-8-[([4-(aminoiminomethyl)phenyl]methylamino]-carbonyl]-2,3,4,5- 
tetrahydro3-oxo-4-(2-phenylethyl)-lH- 1 ,4-benzodiazepine-2-cihanol 

10 dihydrochloride 

A solution of the compound of Example 45(a) (80 mg, 0.12 mmol) in 
meihajiol (10 mL) was treated with 10% paUadium on carbon (60 mg) and 
concentrated hydrochloric acid (0.1 mL) and hydrogenatcd (40 psi) for 2 h. The 
mixture was fUtercd and concentrated. The residue was triturated with ethyl acetate 

15 arid filtered to give the tide compound (58 mg. 86%). MS(ES) m/e 486.2 

[M+H]+; iR NMR (400 MHz, MeOD4) 5 9.20(s, IH), 8.66(s, IH), 7.66(d. 2H), 
7.36(d, 2H). 7.30-7.08(m, 5H), 6.75(d, IH). 6.67(s, IH), 6.40(d. IH), 5.30(d, 
IH), 4.78(m, IH), 3.80(d. IH), 3.76-3.60(m, 4H), 3.45(s, 3H). 2.70(m. 2H). 
2.08(m, IH). 1.80(m. IH). Anal. (C28H31N5O3.2HCI.I.5H2O) calcd: C. 

20 57.44; H. 5.76; N. 11. 96. found: C. 57.52; H. 5.89; N. 11.87. 

Example 46 

P^^P^^P^ P nf fR 5;vR.rr2-r 4 -^rvT4Hviv.thviimpthvlamtnol-(;art?ffnYn-2.3.4.5-tgtrahYte : 

25 ^.nYn-4-r2.nhei lYl''thvl^-lH-1.4-hfn7ndia7P.pinff-2-gthanPl 

nie compound of Example 32(a) (0.2 g, 0.4 mmol) and sodium borohydride (200 

mg, 5.3 mmol) was stirred in methanol (40 mL) at RT for 2 h. Additional sodium 

borohydride (200 mg. 5.3 mmol) was added and the mixture was stirred overnight. 

concentrated, diluted with water and extracted with CH2CI2. T^e organic phase was 
30 concentrated and the residue was purified by flash chromatography (silica gel, 

CH2Cl2/methanol) to yield die tide compound as a white solid (37 mg, 20%): MS(ES) m/e 

473.2 [M+H]+. 



35 



Fxample47 

Prp p^r^Hnn nf rR. 5 :^-«-^-^4■raminnmrthv^)nhenvnethvn-7 ^ 4 '>-r.rrahYdro-3-Oxo-4-f2- 
phftnvlftthvlVI H-^ 4-henzodia7f.ninf.-2-acetiC apid 
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a) methyl 23.4,5-tetrahydro-8-hydroxyTnethyl-3-oxo-4-(2rphenylethyl)-lH-l^ 
benzodiazepine-2-acetate 

Thionyl chloride (50 mL) was added to the compound of Preparation 24(e) (3,8 g, 
10 mmol) was added. The resulting suspension was sdired and heated to reflux for 15 

5 min, cooled to RT, and concentrated. The residue was dissolved in toluene and 

concentrated. The residue was dissolved in THF (50 mL), stirred at RT, treated with 
sodium borohydride (2.0 g. 53 mmol)and stirred for 16 h. The mixture was quenched at 
0**C with IN hydrochloric acid, extracted with ethyl acetate, washed with brine, dried 
(magnesium sulfate) and concentrated. The residue was purified by flash chromatography 

10 (silica gel, 1% methanol/chloroform) to yield the title compound (1.71 g, 47%). TLC Rf 
0.49 (silica gel, 5% methanol/chloroform); NMR (CDCI3) 5 2.62 (dd, IH), 2.77 (m, 
. 2H), 2.97 (dd, IH), 3.27 (br s, 2H), 3.68 (m, 3H), 3.72 (s, 3H), 4.51 (s, 2H), 4.94 (t, 
IH), 5.24 (d, J=16.5 Hz, IH), 6.56 (s, IH), 6.62 (d, J=7.4, IH), 6.80 (d, J=7.7 Hz, 
IH), 7.20 (m, 5H). 

15 

b) methyl 8-formyl-2,3.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2- 

To the compound of Example 47(a) (1.60 g, 4.3 mmol) in CH2CI2 (50 mL) was 
added manganese dioxide (2.8 g, 32 mmol). The resuldng suspension was stirred at 

20 reflux for 16 h, filtered through a pad of Clelite®. The pad was rinsed with CH2CI2 and 
the filtrate was concentrated The residue was purified by flash chromatography (silica 
gel, 50% ethyl acetate/n-hexane) to give the title compound (0.71 g, 44%): TLC Rf 0.67 
(silica gel, 5% metiianol/chloroform); 1H NMR (CDCI3) 5 2.68 (dd, IH), 2.81 (dt, 2H), 
3.0 (dd, IH), 3.72 (m, 3H), 3.75 (s, 3H), 5.0 (t. IH), 5.31 (d, J=16.7 Hz, IH), 6.93 (d, 

25 J=7.6 Hz. IH), 7.03 (s, IH), 7.11 (d, 7.8 Hz, IH), 7.19 (m, 5H), 9.85 (s, IH). 

c) E/Z methyl 8-[2-I4-(Cyano)phenyl]ethenyl]-2.3.4,5-tetrahydro-3-oxo-4.(2- 
phenyIethyl)-lH-l,4-bcnzodiazepine-2-acetate 

A solution of the compound of Example 47(b)(0,67 g, 1.8 mmol) and (4- 
3a cyanobenzyl)triphenylphosphonium chloride (0,80 g, 1-9 mmol) in anhydrous DMF (50 
mL) was treated with sodium hydride (74 mg, 60% dispersion in oil, 1.8 mmol) and 
stirred for 5 h. The mixmre was concentrated and the residue was taken up in ethyl acetate, 
washed with brine, dried (magnesium sulfate) and concentrated. The residue was purified 
by flash chromatography (silica gel, 5% ethyl acetate/chloroform) to yield the tide 
35 compound as a (2:3) mixture of E/Z olefin isomers (693 mg, 81%). Further 

chromatography (silica gel, 40% ethyl acetate/n-hexane) yielded the pure E and Z isomers. 
E isomer: TLC Rf 0.39 (siUca gel, 40% ethyl acetatc/n-hexane); ^H NMR (GDQs) 5 
2.65 (dd, IH). 2.82 (dt, 2H), 2.97 (dd, IH). 3.71 (m, 3H), 3.74 (s, 3H), 4.94 (t, IH). 
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5.23 (d, J=16.5, IH), 6.46 (m, 2H), 6.52 (d, J=12.3 Hz, IH). 6.61 (d, J=12.3 Hz, IH). 
6.71 (d, J=8.1 Hz, IH), 7.21 (m. 5H), 7.32 (d, J=8.3, 2H). 7.5 (d. J=8.3, 2H); 
MS(ES) m/e 466.2 [M+H]+. 

Z isomer: TLC Rf 0.33 (silica gel, 40% ethyl acetate/n-hexane); NMR (CDCI3) 5 2.71 
5 (dd, IH), 2.82 (dt, 2H), 3.03 (dd, IH), 3.70 (in. 3H). 3.75 (s,-3H), 4.97 (t, IH), 5.27 
(d, J=16.6 Hz, IH), 6.76 (s, IH), 6.85 (s, 2H). 7.02 (d, J=4.2, 2H). 7.18 (m, 5H). 
7.54 (d. J=8.4, 2H), 7.63 (d, J=8.4, 2H); MS(ES) m/e 466.2 [M+H]+. 

d) methyl 8-[2-[4-(aminomethyl)phenyl]ethyl]-2.3,4,5-tetrahydro-3-oxo-4-(2- 
10 phenylethyl)- IH- 1 ,4-benzodiazepine-2-acetate 

A mixture of the compounds of Example 47(c) (693 mg, 1.5 mmol), 10% 
- palladium on carbon (1 g) and acetic acid (100 mL) was hydrogenated (50 psi) for 5 h. 
The mixture was filtered, the filtrate was concentrated and to yield the tide compound: TLC 
Rf 0.77 (silica, 4:1:1 n-butanol:acetic acid:water), HPLC k* 2.5 (PRP- 1, 50% AN/W- 
15 TFA, UV detection at 220 nm). 

e) 8-[2-[4-(aminomethyl)phenyl]ethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH- 

l,4-:benzodia7epine-2-acetic acid 

The compound of Example 47(d) was dissolved in 20% acetic acid and refluxed for 
20 72 h. The mixture was concentrated and purified by HPLC (PRP-1. 35% AN/W-TFA) to 
give the tide compound: TLC Rf 0.55 (silica, 4:1:1 n-butanol:HOAc:water), Rf 0.59 
(silica, 15:3:12:10 n-butanol, acetic acid, water, pyridine); MS(ES) 458.2 (M+H)+; 
HPLC k' 3.7 (PRP-1®, 35% ANAV-TFA; Anal. (C28H31N303- CF3C02H- H2O) 
calcd: C. 46.98; H, 4.14; N, 4.63. found: C. 46.84; H, 3.96;N, 4.80, 

25 

Examples 48 

PrKpRratif>nnf7-r3-r4-pvridvnDTo pvlnxvl-2-f2-phenvlethvn-3-nxo-2.3.4.5-tetrahvdro- 
lH-2-benzazepine-4-acetic acid 

30 

a) N-(2-phenylethyl)-4-nim>phthaIimide 

A mixture of 4-nitrophthalic anhydride (18 g, 93.3 mmol) andphencfliylamine 
(1 1.5 g, 95 mmol) in toluene (250 mL) was heated to reflux using a Dean-Stark trap to 
remove water. After 2.5 h, the mixture was concentrated to solid residue, which was 
35 triturated and filtered to give the titled compound (24.5 g, 89%): mp 142-3'»C). 

b) N-(2-phenylethyl)-4-mctiioxyphtiialimide 
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A stirred solution of the compound of Example 48(a) (18 g, 0.06 mol) in DMF (85 
mL) at O^C was treated with sodium mcthoxide (3.6 g, 0.066 mol) portionwise. The dark 
brown mixture was stirred at RT for 3.5 h, quenched with ice-water, extracted with ethyl 
acetate, dried (magnesium sulfate) and concentrated Trituration with ether afforded the title 
5 compound (10.9 g, 64%): mp 1 12-4°C; MS(ES) m/e 282 [M+H]+; NMR (400 MHz, 
CDCI3) 5 7.72 (d, J=8.25 Hz, IH), 7.25-7.30 (m, 6H), 7.14 (dd, J=2.30. 8.25 Hz, IH), 
3.9 (s. 3H), 3.89 (t. J=7.87 Hz, 2H), .2.99 (t, J=7.87 Hz. 2H). 

c) 2-hydroxymethyl-4-methoxy-N-(2-phenylethyl)-l-benzamide 

10 A solution of the compound of Example 48(b) (15 g, 0.05 mol) in isopropanol 

(300 mL) and water (60 mL) was treated witii sodium borohydride (12 g, 0.3 mmol) 
portionwise. After 3.5 h, the mixture was concentrated to half of the original volume, 
quenched with 5% sodium bicarbonate solution, extracted witii etiiyl acetate, dried (sodium 
sulfate), concentrated to a small volume, and filtered to yield the tide compound (10 g, 

15 67%): mp 154-6^C; MS m/c 286 [M+H]+; IR NMR (400 MHz, CDCI3) 5 7.39 (d, 
J=8.25 Hz, IH). 7.12-7.28 (m, 5H), 6.81 (d, J=2.3 Hz. IH). 7.35 (dd, J=2.30. 8.25 
Hz, IH), 4.46 (s, 2H), 3.76 (s, 3H), 3.61 (q, J=7.87 Hz, 2H). 2.89 (t, J=7,87 Hz, 2H). 

d) 2-hydroxymethyl-4-methoxy-[N-(2-phenylethyl)]benzylamine 

20 To a solution of borane (800 mL, IM in THF, 0.8 mol) at RT, a suspension of the 

compound of Example 48(c) (25 g, 0.088 mol) in THF (250 mL) was added over 0.5 h. 
The mixture was heated to reflux for 12 h, cooled and treated with IN hydrochloric acid 
(150 mL). The mixture was heated for 1.5 h until evolution of hydrogen gas ceased, 
basified in the cold and extracted with ethyl acetate. The organic phase was dried (sodium 

25 sulfate) and concentrated to yield the tide compound (24 g, 100%): MS m/e 272.2 

[M+H]+; 1h NMR (400 MHz, CDOs) 5 7.08-7.29 (m, 5H), 6.90 (d. J=2.62 Hz, IH), 
6.73 (dd, J=2.62, 8.29 Hz. IH), 4.58 (s. 2H). 3.83 (s, 2H), 3.77 (s, 3H). 3.10 (t, 
J=6.78 Hz, 2H), 2.89 (t. J=6.78 Hz, 2H). 

30 e)2-hydroxymethyl-4-methoxy-[N-(2-phenylethyl)-N-(t-butyloxycarbonyl)]benzylamine 
A mixture of Example 48(d) (23 g, 0.085 mol), di-t-biityldicarbonate (19.3 g, 
0.089 mmol) and triethylamine (12.3 mL, 0.089 mmol) in CH2CI2 (250 mL) was stirred 
at RT for 18 h, concentrated and azeotroped twice with CH2CI2. MS(ES) m/e 372.2 
[M+H]+; iH NMR (400 MHz, €003) 5 7.13-7.28 (m, 5H). 6.90 (d, J=2.53 Hz, IH). 

35 6.79 (dd. J=2.53, 8.29Hz, IH), 4.60 (bs, 2H). 4.43 (bs. 2H), 3.43 (s. 3H). 3.36 (t, 
J=7.90 Hz, 2H). 2.72 (t. J=7.90 Hz. 2H). 



f)5-methoxy-2-[N-(2-phenylethyl)-N-(t-butyloxycarbonyl)aminomethyl]benzaldehyde 
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A suspension of the compound of Example 48(e) and Mn02 (75 g, 0.86 mol) in 
CH2CI2 (275 mL) was stirred at RT for 18 h. The reaction mixture was filtered and 
concentrated to give the titled compound (20 g, 70%): MS m/e 370.2 [M+H]"*"; NMR 
(400 MHz, CDCI3) 5 10.16 (s, IH), 7.34 (d. J=2.14 Hz, IH). 7.07-7.27 (m, 7H), 4.79 
5 (bs, 2H), 3.81 (s, 3H). 3.32 (bt, 2H), 2.75 (bt, 2H), 1.46 (s, 9H). 



g) 2- [5-methoxy-2- [N-(2-phenylethyl)-N-(t-butoxy-carboriyl)aminomethyl]phenyI]-5-oxo- 
tetrahydra-3-furancarboxylic acid 

To a suspension of zinc chloride (27 g, 0.2 mol; flame-dried at reduced pressure), 
10 succinic anhydride (20 g, 0.2 mol), and the compound of Example 48(0 (20 g, 0.05 mol) 
in CH2CI2 (150 mL), triethylamine (28 mL, 0.2 mol) was added drop wise at 0°C. The 
mixture was stirred for 18 h, diluted with CH2CI2 (100 mL), washed with cold IN 
hydrochloric acid, dried (sodium sulfate) and concentrated. The residue was triturated 
with cthcr/CH2Cl2 (75 mL, 2:1) and filtered The filtrate was concentrated to give the title 
15 compound (23 g, 87%). 

h) trans-3a,5,6,10b-tetrahydro-9-methoxy-5-(2-phenyIethyl)-2H-furo[3,2- 
d] [2]bcnza2epin-2,4(3H)-dione 

A mixture of the compound of Example 48(g) (23 g, 0.05 mol) and hydrogen 
20 chloride (200 mL, 4M in dioxane 0.8 mol) in CH2CI2 (150 mL) was stirred at RT for 18 
h and concentrated to give 2-[5-methoxy-2-[N-(2-phenylethyl)aminomethyl]phenyl]-5- 
oxo-tetrahydro-3-furancarboxylic acid as grayish solid (18 g. 97%): MS(ES) m/e 370.2 
[M+H]+. 

This solid, triethylamine (14 mL, 0.1 mol), and benzotriazoH-yloxy- 
25 tris(dimethylamino)phosphonium hexafiuorophosphate (22 g, 0.05 mol) weie dissolved in 
CH2CI2 (400 mL) and allowed to stir at RT overnight. The mixture was concentrated and 
the residue was purified by flash column chromatography (silica gel, 0.2% 
methanoI/CH2Cl2) to yield the title compound (9.5 g, 55%): MS(ES) m/e 352.2 [M+H]+; 
1h NMR (400 MHz, CDCI3) 5 7.12-7.16 (m, 3H), 6.97-7.00 (m. 3H). 6.91-6.94 (d, 
30 J=8.47 Hz. IH), 6.79 (dd, 1=2.75,8.47 Hz, IH), 5.01 (d, J=17.26 Hz, IH), 4.92 (d, 
J=11.48 Hz, IH), 4.07 (dt, J=7.82 Hz, J=13.57 Hz, IH), 3.92 (d, J=17.26 Hz, IH), 
3.85 (m, IH), 3.79 (s, 3H), 3.52 (m, IH), 3.25 (dd, J=17.61 Hz, J=11.76, IH), 2.78 
(m. 2H), 2.65 (dd, J=17.26 Hz. J=7.26 Hz, IH). 



35 i) ediy 1 7-methoxy-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro- lH-2-benzazepine-4- 
acetate 

A solution of the compound of Example 48(h) (0.123 g, 0.35 mmol) in 3N 
hydrochloric acid (15 mL) in ethanol (50 mL) was treated with palladium hydroxide (120 
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mg) and hydrogenated (50 psi) for 4 h. The mixture was filtered and the filtrate was 
concentrated. The residue was azeotroped with ethanol and toluene. The residue was 
. dissolved in ethanol (75 mL) and heated to reflux in the presence of 4 M hydrogen 
chloride/dioxane (2 mL) for 2 h. The solution was concentrated to give the title compound 
5 (0. 1 1 g, 83%): MS(ES) m/e 382 [M+H]+; NMR (400 MHz, CDCI3) 6 7.08-726 (m, 
5H), 6.90 (d J=8.31 Hz, IH), 6.63 (dd, J=2.41, 8.28 Hz, IH), 6.60 (d, J=2.41 Hz. 
IH), 5.11(d, J=16.47 Hz, 1H), .4.16 (q, J=7.10 Hz, 2H), 3.76 (s, 3H), 3.72 (d, 
J=16.47 Hz, IH), 3.63 (m, 3H). 2.97 (m. 2H), 2.82 (m, IH). 2.75 (t. J=7.30 Hz, 2H). 
1.27 (t, J=7.10Hz, 3H). 

j) ethyl 7-hydroxy-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro- lH-2-benzazepine-4- 
acetate 

To a solution of the compound of Example 48(i) (0. 11 g, 0.29 mmol) and 
ethanethiol (1 mL, 13.5 mmol) in CH2CI2 (20 mL) at 0°C was added aluminum chloride 
15 (0.2 g. 1.5 mmol). The mixture was warmed to RT over 1 h. diluted with CH2CI2. 
washed with cold 3N hydrochloric acid, dried (sodium sulfate), and concentrated to give 
the title compound (0.08 g, 74%): MS(ES) m/e 368.2 [M+H]+ 

k) ethyl 7-[3-(4-pyridyl)propyloxy]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2- 

20 benzazepine-4-acetate 

A mixture of the compound of Example 480) (20 mg, 0.05 mmol), 3-(4- 
pyridyl)propyl chloride hydrochloride (50 mg, 0.2 mmol), sodium iodide (3 mg). and 
sodium hydride (12 mg, 0.5 mmol) was heated at 90°C for 18 h. The mixture was 
quenched with ice water, extracted widi ethyl acetate, dried (sodium sulfate) arid 

25 concentrated to give the tide compound (0.01 g, 42%): MS(ES) m/e 486 [M+H]+. 

1) 7-[3-(4-pyridyl)propyloxy]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro-lH-2- 
benzazcpine-4-acetic acid 

A mixture the compound of Example 48(k) and IN sodium hydroxide solution in 
30 methanol is stirred at RT for 5 h and acidified with IN hydrochloric acid to give the tide 
compound. 

35 Preparation of 7-r3>f4^piperidinvnpropvlo xvV2>f2-phenv 1ethvlV3-oxo-2.3.4/;- 
tetrahvdro-lH-2-benzaz epine-4-acetic add " 

Using die procedure of Example 34, except substimting the compound of Example 
480) for the compound of Example 9(a) gives the title compound. 
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Example 50 

P iy t TararinnnffR.SV8- frr^-faminnmethvlVhenvl1amino1-carbonvl1-23.4.5-tetrahY<jr(h3- 
5 yyxn-4-f2-Dhenvlethvn-lH- 1 4-hen7ndia7fipine-2-acetic acid 

a) methyl (R.S)-8-([[3-(aminomethyl)phenyl]ainino]carbonyl]-2,3.4,5-tetrahydio-3-oxo- 
4-(2-phenylethyl)-lH-l ,4-benzociiazapine-2-acetate 

Using the procedure of Example 13(a) and (b), except substituting 3-[N-(t- 
10 butoxycarbonyI)aminomethyl]aniline for the compound of Preparation 4(b), gave the tide 
compound: NMR (CD3OD, 250 MHz) 5 2.60-2.73 (m. 3H). 2.95 (d of d, IH, 1=9. 
16 Hz). 3.50-3.83 (m, 2H), 3.70(s, 3H). 3.91 (d. IH, J=17 Hz).M.90-5.20 (m, 3H). 
• .5.43 (d. IH, J=17 Hz), 6.93-7.93 (m, 12H). 

15 b)(R,S)-8-[ii3-(aminomethyl)phenyl]amino]carbonyl]-2,3,4,5-tetrahydio-3-oxo-4-(2- 

phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid 

Using the procedure of Example l(j), except substituting the compound of 

Example 50(a) for the compound of Example 1 (i), gave the title compound (85 mg): 

MS(ES) m/e 473 [M+H]+; NMR (CD3OD, 250 MHz) 5 2.60-3.10 (m, 4H), 3.58- 
20 3.88 (m, 2H), 3.95 (d, J=17 Hz, IHx). 4.67-5.04 (m. 2H), 5.10-5.20 (m, IH). 5.50 (d, 

J=17 Hz. IH). 6.93-8.05 (m, 12H); HPLC k' = 2.61 (PRP-1®, 30% ANAV-TFA. UV 

detection at 220 nm). 

Example 51 

25 

PfRnaratinn of 8-^l-^4-f4-PvridvlViperaanvn caTbonvn-2■3■4■S-tet^ahvd^o-3-OXO-4-(2- 
phenvlethvn■l H.1 ■4-henzodiazeDine-2-acetic acid 

Using the procedure of Example 32, except substituting l-(4-pyiidyl)pipera2ine for 
N-methyl-2-(4-pyiidyl)ethanamine, gave the title compound: HPLC RT 16.6 min (YMC 
30 ODS-AQ, 6 X 250 mm. 1 .5 mlVmin, gradienti Aracetonitrile B:water-0.1% TFA, 10-80% 
A in 20 min. UV detection at 220 nm). 

Example 52 

35 Prepararion of fR .<;V8-f rf4-raminomethvn-3-chloro-p henvncarbonvnamino1-2.3.4.5- 
te.trahY< : im-3-nxtv4-r2-phenvle thvn-TH-1.4-henzodiazepine-2-acetic acid 

Using the procedure of Examples 7(b). 13(b) and 13(c), except substituting the 
compound of Preparation 12(c) for the compound of Preparation 1(b) in Example 7(b), 
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yielded the title compound: MS(to) m/e 507 [M+H]+; Anal [C27H27CiN404 
•1.5(C2HF302)-H20] calcd: C,51,43; H,4.39; N,7,99; found: C,51.36; H,4.29; N,7.90. 
1h NMR (DMSO-d6. 250 MHz) 5 2.51-2.60(m, 2H), 2.65-2.70(m, 2H). 3.45-3.55(m, 
2H). 3.85(d, J=17 Hz, IH), 4.15(s, 2H), 4.95-5.00(m, IH). 5.30(d, J=17Hz. IH). 
5 5.85(s, IH), 6.70-8.05(m, 13H), 8.20-8.30(m, 2H). 

pxampje 53 

Preparation of 2-r3-r4-piDeridinvl^propvloxv1-7-oxo-6,7.8.9-tetrahvdro-5H- 
10 benzocvcloheptene-S-acetic acid: and 

3-r3-f4>piperidinvl)prQpvloxv1>7-oxo>6.7.8.9-te trahvdro-5H-benzQcvcloheDtene>6-aceric 

add 

a) methyl 2-methoxy-7-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene-6-acetate, and 
15 methyl 3-methoxy-7-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene-6-acetate 

Using the general method of 7. Org. Chem., 57. 1429 (1992), except substituting 

2- methoxy-benzosuberone (/. Org. Chem. 47, 5201 (1982)) for benzosuberone. and 
separating the resulting mixture of isomers by chromatography, gives the title compounds. 

20 b) 2-[3-(4-piperidinyl)propyloxy]-7-oxo-6,7,8,9-tetrahydro-5H-benzocycloheptene-6- 
acetic acid, and 3-[3-(4-piperidinyl)propyloxy]-7-oxo-6,7,8.9-tetrahydro-5H- 
benzocycloheptene-6-aceac acid 

Using the procedures of Examples 48, except substituting each of the compounds 
of Example 51(a) for the compound of Examples 48(i), gives the tide compounds. 

25 

Example 54 

Preparation of ni.SV8-rfr2-f4-f2-am inQpvridvniethvlVamino1carbonvlV2,3.^ 
tetrahvdro-3-oxo-4-f 2~phenvleth vlV IH- 1 ,4-benzodiazepine-2-aceric acid 
30 Using the procedures of Example 27(a) and Example 24(b), except substituting die 

compound of Preparation 13(j) for histamine and benzotriazol-l-yloxy- 
tris(dimethylamino)-phosphonium hexafluorophosphate for l-(3-dimethylamino-propyl)- 

3- ethylcarbodiimide hydrochloride, gave the ride compound. MS(ES) m/e 488.2 [M+H]"^; 
Anal. (C27H29N504-1.5 CF3C02H-H20) calcd: C, 53.35; H, 4.56; N, 10.35. found: 

35 C, 53.25; H, 4.84; N,10.35.; HPLC k' 3,88 (PRP-1®, 25% AN/W-TFA). 
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Example 55 

Prftpararion of fR.SV2.3.4.5-tetrahvdro-8-rrr2-r2-(hvdrQ?^Y)PVrid-4- 
y nRthvnamino1carbonvl1-Vox(v4-f2> phenvlethvlVlH-1.4-ben20di 
5 Using the procedure of Example 54, except substituting the compound of 

Preparation 14(b) for tiie compound of Preparation 13(j), gave the tide compound. 
MS(ES) m/e 489.4 [M+H]+; Anal. (C27H28N405- 1.125 H2O) calcd: C. 63.74; H, 
5.74; N, 10.71. found: C, 63.74; H, 5,99; N,11.01.; HPLC 3.70 (PRP-l®. 25% 
ANAV-TFA). 

10 

Example 56 

Preparation of fR.SV2.3.4.5-tetrahvdro-3-oxo-4-r2-p henvlethvlV8-f rr4- 
(trimethvlammonium^butvnamino1carbonv ll>lH-1.4>benzodia2eDine-2-acctiC-^^ 

15 hvdrochloride> 

The compound of Example 33(a) (92 mg, 0.19 mmol) in THF (5 mL) was treated 
with iodomethane (14.3 mL. 2.0 mmol) and the reaction mixture was heated to reflux for 
16 h. The white solid tiiat formed was collected by filtration and washed witii cold ether. 
The solid was treated with IN hydrochloric acid and lyophilizcd to yield die tide compound 

20 (39 mg, 41%). MS(ES) m/e 481 [M+H]+; NMR (400 MHz, CX>30D) 5 8.06 (d, 
IH). 6.90-7.25 (m, 8H), 5,44 (d, IH), 5.09 (t, IH), 3.54-3.90 (m, 4H), 3.20-3.45 (m, 
8H), 3.13 (s, 9H), 2.93 (dd, IH). 2.68-2.79 (m, 2H), 2.53-2.65 (m. IH). 1.78-1.90 
(m, 2H), 1.66 (t, 2H). 

25 Example 57 

Pre paration of (R.SV8-f4-faminomethvnphenoxvmethvll-2.3.4.5-tetrahvd rQ'3-oxo-4-(2- 
phenvlethvlVlH-1 .4-benzodiaz epine-2-acetic acid 

a) methyl (R.S)-2,3,4,5-tetrahydro-8-hydroxymediyl-3-oxo-4-(2-phenylethyl)-lH-l,4- 

30 benzodiazepine-2-acetate 

Methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- IH- 1 ,4- 
ben2odiazepine-2-acetate (3 g, 7.8 mmol) was dissolved in dry THF (20 mL) and treated at 
-5''C with triethylamine (1.14 mL, 8.19 mmol) and ediyl chloroformate (775 mL, 8,1 1 
mmol). The reaction was stirred for 1 h and filtered The filtrate was cooled to 0°C and 

35 treated with sodium borohydride (651 mg, 17.23 mmol) in water (7.5 mL). The reaction 
was allowed to warm to RT and stirred for 4 h. The mixture was acidified with 3N 
hydrochloric acid and extracted with eihyl.acetate. The organic phase was washed twice 
with 0.5N sodium hydroxide and widi brine, dried (magnesium sulfate) and concentrated 
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to give the title compound (2.31 g). NMR (250 MHz)- 5 7.25-7,10 (m, 5H), 7.09- 
6.78 (m, IH). 6.75-6.51 (m, 2H), 5.26-5.25 (m. IH), 4.94-4.91 (m, IH). 4.46 (s, 2H), 
3.69 (s, 3H), 3.66-3.61 (m, 3H), 3.10-2.62 (m, 6H). 

5 b) methyl (R,S)-8-[4-(N-t-buioxycarbonyl)-(aminomethyl)phenoxymethyl]-2.3.4,5- 
tetrahydro-3-oxo-4-(2-phenylethyl)- IH- 1 .4-benzodia2epine-2-acetale 

The compound of Example 57(a) (100 mg. 0.24 mmol) was dissolved in dry THF 
(10 mL) and treated at O^C with the compound of Preparation 15 (122 mg, 0.546 mmol) 
followed by triphenylphosphine (143 mg. 0.546 mmol) and diethyl azodicarboxylate (86 
10 mL. 0.546 mmol). The mixture was stirred at RT for 48 h, concentrated and the residue 
was purified by flash chromatography (silica gel, 40% ethyl acetate/hexane) to give the tide 
compound (150 mg). MS(ES) m/e 474 [M+H]+ 

c) methyl (R,S)-8-[4-(aminomethyl)phenoxymethyl]-2,3.4,5-tetrahydro-3-oxo-4-(2- 
15 phenylethyl)- IH- 1 ,4-benzodia2cpine-2-acetate 

Using the procedure of Example 13(b), except subsdtudng the compound of 
Example 57(b) for the compound of Example 13(a), gave the tide compound (65 mg). 
MS(ES)m/e 574 [M+H]+ 

20 d) (R,S)-8-[4-(aminomethyl)phenoxymethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- 

lH-l,4-benzodiazepine-2-aceuc acid 

The compound of Example 57(c) (65 mg, 0.137 mmol) was dissolved in THF (1 

mL), cooled to 0°C and treated with IN lithium hydroxide (137 mL). The reaction was 

allowed to warm to RT and stirred for 15 h. The reaction was acidified to pH 5 with acetic 
25 acid and the crystals that formed were filtered off to yield the tide compound (70 mg); 95% 

purity by HPLC. MS(ES) m/e 460 [M+H]+. 

Example 58 

30 Preparation of fR.S)-8-rr4-(2 -aminoethvl)piDeridin-l -vllcarbon vn-2,3.4^-tetrahvdro-3- 
oxo-4-f2-phenvlethvlVlH-l ,4-benzodiazepine-2-aceric acid 

a) methyl (R,S)-8-[[4-[(N-t-butoxycarbonyl)-(2-aminoethyl)]piperidin-l-yl]carbonyl]- 
2,3,4,5-tetrahydro-3-oxo-4-(2-phenyIethy 1)- lH-1 ,4-benzodiazepine-2-acetate 

Using the procedure of Example 1(h), except substituting the compound of 
35 Preparation 16(b) for ±c compound of Example 1(g), gave die title compound (657 mg, 
37%). 1h NMR (90 MHz, CDCI3) 5 7.40-7.08 (m, 5H), 6.95-6.50 (m, 3H), 5.50-4,40 
(m, 5H), 4.00-2.43 (m, 14H), 3.73 (s, 3H), 1.90-1.00 (m, 5H), L43 (s, 9H). 
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b) (R.S)-8-[[4-(2-aminocihyl)piperidin- 1 -yl]carbonyl]-2,3,4^-tetrahydro-3-oxo-4-(2- 
phenylethyI)-lH-l ,4-benzodiazepine-2-acetic acid 

Using the procedures of Examples 13(b) and 13(c), except substituting the 
compound of Example 58(a) for the compound of Example 13(a), gave the tide compound 

5 (160 mg), MS(ES) m/e 479 IM+H]+; NMR (CD3OD, 250 MHz) 5 7.30-7.08 (m, 
5H), 6.98 (d, IH, J=7.6 Hz). 6.60-6.50 (m. 2H), 5.47 (d, IH, 1=^17 Hz), 5.15-5,08 (m, 
IH), 3.90-3.58 (m, 3H), 3.89 (d, IH. J=17Hz), 3.18-2.55 (m, 9H), 1.95-1.52 (m, 5H), 
1.35-1.08 (m, 2H); HPLC 2.43 (PRP-l®, 25% ANAV-TFA, UV detection at 
220 nm); Anal (C27H34N404»1.5 TFA) caicd: C,55.46; H, 5.51; N. 8.62, found C. 

10 55.19; H, 5.68; N. 8.58. 

Example 59 

Preparation of fR.SV8-rfr4-faminQmeth vnDhenvnmethvlaminQl-carbonvn-2.3.4.5- 
15 tetrahvdro>3-ox(v4-f2-phenvleLhv]VlH-1.4-bgnzcxii azeDine-2-acetic scid 

a) methyl (R.S)-8-[[[4-(cyano)phenyl]methylamino]carbonyl]-23,4,5-tetrahydio-3-oxo-4- 
(2-phenylethyl)- lH-1 ,4-benzodiazepine-2-acetatc 

Using the procedure of Example 1(h), except substituting 4-cyano-N-methylaniline 
for the compound of Example 1(g), gave the tide compound. ^H NMR (400 MHz, 

20 CDCI3) 5 7.52 (d. J=8.6 Hz, 2H), 7.05-7.30 (m, 7H). 6.66 (d, J=1.5 Hz. IH), 6.59 (d, 
J=7.8 Hz, IH), 6.33 (dd, J=7.8, 1.5 Hz, IH), 5.19 (d, J=16.7 Hz, IH), 4.93 (t, J=6.5 
Hz, IH), 4.13 (br s, IH), 3.68-3.79 (m, 1 H), 3.75 (s, 3H), 3.58-3.67 (m, IH), 3.54 (d, 
1=16.7 Hz, IH). 3.48 (s. 3H), 2.95 (dd. J=16.0, 6.6 Hz, IH), 2.67-2.82 (m. 2H), 2.62 
(dd. J=16.0, 6.5 Hz. IH); IR (CHCI3) 3230-3580 (br), 2230, 1731, 1656, 1603. 1437, 

25 1375 cm- 1; MS(ES) m/e 497.2 [M+H]+ 993.4 [2M+H]+ 

b) methyl (R,S)-8-[[[4-(aminomethyI)phenyl]methylamino]-carbonyl]-2.3,4,5-tetrahydro- 

3- oxo-4-(2-phenylethy 1)- IH- 1 ,4-benzodiazepine-2-acetate 

A mixture of the compound of Example 59(a) (0.125 g, 0.25 mmol) and 10% 
30 palladium on carbon (0.25 g) in glacial acetic acid (50 mL) was shaken under hydrogen 
(47 psi) for 5 h. The reaction mixture was filtered through Celite®, and the filtrate was 
concentrated to give the tide compound (0.153 g, 99%) as a bis(acetate) which was used 
without further purification. 

35 c) (R,S)-8-[[[4-(aminomethyl)phenyl]methylamino]carbonyl]-2,3,4.5-tetrahydro-3-oxo- 

4- (2-phenylethyl)- IH- l,4-benzodiazepine-2-acetic acid 

The compound of Example 59(b) (0.15g, 0.25 mmol) was stirred in 10% aqueous 
acetic acid (25 mL) at 1 10°C overnight IN Hydrochloric acid (4 mL) was added and 
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heating was continued for an additional 3 h. The reaction was cooled, lyophilized and the 
residue was purified on reverse phase prep HPLC (ODS, AN/W-TFA) to give the tide 
compound. MS(ES) m/e 487.2 (M+H]+. Anal.(C28H30N4O4-2C2HF3O2) calcd: C, 
53.78; H. 4.51; N, 7.84. found: C, 53.69; H. 4.79; N. 7.76. 

5 

Example 6Q 

PrPipararinn of rR.SV2.3.4.5-tetrahvdro-8-rrr2-r .1 -me,thvl-l .2.'^ fi-tfirrahvdrnnvrid-4- 
vl1ethvnTnethvlaTninn1carhnnvn-3-oxo-4-f2-phenvl ethvlVlH-l.4-henzodiazenine-2-acetic 
10 acid 

a) methyl (R,S)-2,3,4,5-tetrahydro-8-[[[2-[l-methyl-U,5,6-tetrahydiopyrid-4- 
yl]ethyl]methylamino]carbonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazq)ine-2-acetate 

Using the procedure of Example 27(a), except substituting the compound of 
Preparation 17(c) for histamine, gave the title compound. MS(ES) m/e 519 [M+HJ+. 

15 

b) (R,S)-2,3,4,5-tetrahydro-8-[[[2-[ 1 -methyl- 1 ,2,5,6-tetrahydropyrid-4-yl]ethyl]- 
methylamino]caibonyl]-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-aceticacid 

Using die procedure of Example 10), except substituting the compound of 
Example 60(a) for the compound of Example 1 (i), gave the title compound. HPLC RT 
20 15.7 min (YMC ODS-AQ, 6x250 mm, 1.5 mL/min, gradient. Araceionitrile B:water-0.1% 
TFA, 10-80% A during 20 min, UV detection at 220 nm); NMR (DMSO-deHTA, 400 
MHz) 5 9.6 (br d, IH), 7.25-7.15 (m, 5H), 7.0 (d, IH), 6.49 (s. IH), 6.45 (s, IH), 5.5 
(s. IH), 5.4 (d. IH), 5.0 (m. IH), 4.0 (d, IH). 3.75-3.05 (br m, 6H), 2.9-2.16 (br m. 
. 16H);MS(ES)m/e505[M+H]+. 

25 

Example 61 

Prpparation nf rR.SV2.3.4 ^.tPtrahvdm.3-nxo-4.f2.Dhenvlethvn-8-r4-(piPeridin-4-vn- 
1 rEVhiitenvn.lH-1.4.ben2odia2epine-2-acetic acid 

30 a) methyl (R,S)-2,3.4,5-tetrahydro-8-hydroxymediyI-3-oxo-4-(2-phenyleUiyl)-lH-l,4- 

benzodiazepine-2-acetate 

Methyl (R,S)-8-caiboxy-l,2,3,4-tetrahydro-3-oxo-4-(phenyletiiyl)-lH-l,4- 
benzodiazepine-2-acetate (3.8 g, 10 mmol) was treated with diionyl chloride (50 mL) and 
the resulting suspension was heated at reflux under argon with stirring for 15 min, cooled 
35 to RT and concentrated. The residual oil was re-dissolved in toluene (25 mL), 

concentrated and the residue was dissolved in dry THF (50 mL). The solution was stined 
at RT and sodium boiohydride (2.0 g, 53 mmol) as added in one portion. After stirring 
for 16 h, tiie reaction was carefully quenched at 0°C with IN hydrochloric acid, basified 
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with IN sodium carbonate, extracted with ethyl acetate (150 mL). washed with brine, 
dried (magnesium sulfate) and concentratei Purification by flash chromatography (sUica 
gel, 1% methanol/chloroform) gave the title compound (1.71 g, 47%) as a solid foam. 
TLC Rf=0.49 (silica gel, 5% methanol/chloroform); NMR (CDCls) 5 2.62 (dd, IH). 
5 2.77 (m, 2H), 2.97 (dd. IH). 3.27 (br s, 2H), 3.68 (m, 3H), 3.72 (s. 3H), 4.51 (s, 2H). 
4.94 (t. IH), 5.24 (d, J=16.5 Hz, IH). 6.56 (s. IH), 6.62 (d, J=7.4. IH). 6.80 (d. 
1=7.7 Hz. IH). 7.20 (m, 5H). 

b) methyl (R,S)-8-bromomethyl-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4- 

10 benzodiazepine-2-acetate 

To a solution of the compound of Example 61(a) (1.20 g, 3.3 mmol) and carbon 
tetrabromide (1.4 g, 4.2 mmol) in diy THF (40 mL), stirred at O'C under argon, was 
added iriphenylphosphine (1.1 g, 4.2 mmol) in one portion. After 10 min, the reaction 
was allowed to wann to RT and srined for 3 h. The mixmre was concentrated and the 

15 residue was purified by flash chromatography (sUica gel, 50% ethyl acetatc/hcxane) to 
yield the tide compound (1.17 g. 83%). TLC Rf 0.38 (silica gel, 40% ethyl 
acetate/hexane); 1h NMR (CDCI3) 6 1.26 (IH, s), 2.82(3H, m). 3.11 (IH. dd). 3.71 
(2H. m). 3.74 (3H, s). 3.83 (IH. d, J=16.5Hz). 4.37 (2H, s). 4.90 (IH. t). 5.13 (IH. d. 
J=16,5Hz). 6.82 (2H, s), 6.89 (IH, d), 7.1-7.28 (6H, m). 

20 

c) CR,S)-[2-methoxycarbonylmethyl-3-oxo-4-(2-phenylethyl)-2,3,4,5-tetrahydro-lH-1.4- 
benzodiazepin-8-yl]methyltriphenyl-phosphonium bromide 

To a solution of the compound of Example 61(b) (1.15 g. 2.67 mmol) in dry THF 
(30 mL) was added iriphenylphosphine (0.71 g, 2.7 mmol). The reaction was icfluxed for 
25 4 h, cooled to RT, concennated and triturated with ether, filtered and dried under vacuum 
to give ti»e tide compound (1.89 g, 100%). ^H NMR (CDCI3) 6 2.01 (IH. s). 2.73 (2H, 
m). 2.90 (IH, dd). 3.08 (IH. dd). 3.54 (IH. m), 3.65 (IH, m). 3.70 (3H, s). 3.74 (IH, 
d, J=16.7Hz). 4.49 (2H. dt). 5.08 (IH, d, J=15.5Hz), 5.17 (IH, t), 6.40 (IH, d). 6.58 
(IH, d, J=l 1.4Hz), 6.87 (IH. s), 7.18 (5H. m). 7.58-7.80 (15H. m). 

30 . 

d) methyl (R,S)-8-[4-[N-(t-butoxycarbonyl)-piperidin-4-yl]-l-(E and Z)butenyl]-2.3.4,5- 
tetrahydro-3-oxo-4-(2-phenyIethyl)-lH-l,4-benzodiazepine-2-acetate 

To a solution of compound of Example 61(c) (1 g. 1.44 mmol) and die compound 
of Preparation 18 (1.75 mmol) in dry THF (30 mL) was added, with stirring under argon. 
35 a 60% dispersion of sodium hydride in mineral oil (58 mg, 1 .44 mmol) in one portion. 
After stirring for 16 h, the reaction was concentrated. The residue was purified by flash 
chromatography (silica gel, 5% ediyl acetatexhloroform) to give a mixture of die tide 
compounds (0.717 g, 86%). Pure olefin isomers in the ratio of approximately (1:2) (Z:E) 
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were obtained by HPLC chromatography (silica gel, 40% ethyl acetate/hexane). E-isomer: 
iH NMR (CDCI3) 6 1.11 (2H. m), 1.43 (4H, m), 1.45 (9H, s), 1.68 (2H, d, J=12.5Hz). 
2.20 (2H, dd), 2.67 (2H, dt). 2.72 (IH. dd). 2.81 (IH, dd), 3.72 (3H. m). 3.74 (3H. s). 
4.08 (2H, d, J=13.7Hz). 4.90 (IH. t), 5.18 (IH, d. J=16.5Hz), 6.14 (IH, dt. 
5 Jtrans=15.8Hz). 6.24 (IH. d. Ju-ans=15.8Hz). 6.67 (IH, s). 6.72 (IH, dd, J=7.8Hz). 
6.80 (IH, d, J=7.8Hz), 7.20 (5H, m); MS(ES) m/e 576.2 (M+H)+. 

e) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenyleihyl)-8-[4-(piperidin-4-yl)-l(E)-butenyl]- 

lH-1.4-benzodiazepine-2-acetic acid 

10 Using die piocedures of Example 1 3(b) and 1 3(c), except substituting the 

compounds of Example 61(d) for the compound of Example 13(a) gave the title 
compound. MS(ES) m/e 462.2 [M+H1+; Anal. (C28H35N303-1.5 CF3CO2H) calcd: C. 
58.86; H. 5.82; N, 6.64: found: C. 58.68; H, 5.84; N.6.32; HPLC k' 4.07 (PRP-l®, 
35% AN/W-TTA); ^H NMR (CD3OD) 5 1.38 (2H, m), 1.45 (2H, m), 1.61 (IH, br s), 

15 1.95 (2H, d, J=13.6Hz), 2.22 (2H, dd). 2.61 (IH, m), 2.77 (2H, m). 2.91 (3H, m), 
3.35 (2H, m), 3.67 (2H, m), 3.79 (IH, d. J=16.8Hz), 5.02 (IH, dd), 5.37 (IH, d, 
J=16.5Hz), 6.15 (IH, dt), 6.26 (IH. d, J=15.9Hz), 6.58 (IH, s). 6.60 (IH. d. 
J=7.8Hz). 6.81 (IH. d, J=7.8Hz). 7.17 (5H, m). 

20 Example 62 

fR,SV2.3.4.5-tetrahvdrn-3-nxo-4-f2- phf>.nvlp.thvn-R-r4-<-nineridin-4-vn-UZVbutenvl1-lH- 
1.4-benzodia7f.pine-2-acetic acid 

a) methyl (R,S)-8-l4-[N-(t-butoxycaibonyl)-piperidin-4-yl]-l-( Z)butenyl]-2,3,4,5- 
25 tetrahydro-3-oxo-4-(2-phenylethyI)-lH-l,4-ben2odia2epine-2-acetate 

The tide compound was prepared by chromatography of the mixture of Example 
61(d). Z-isomer: MS(ES) m/e 462.2 [M+H]+; Anal. (C28H35N303-1.5 CF3CO2H-0.5 
H2O) calcd: C, 57.83; H, 5.73; N, 6.27. found: C, 58.03; H, 5.89; N,6.55.; HPLC k' 
4.98 (PRP-l®, 35% CH3CN/water/0.1% TFA); 1h NMR (CD3OD) 5 1.30 (2H, m). 
30 1.41 (2H. dd). 1.58 (IH. br s), 1.82 (2H, d. J=13.1Hz). 2.34 (2H. m). 2.60 (IH. m). 
2.76 (2H, m), 2.88 (3H, m), 3.29 (3H, m), 3.69 (2H, m), 3.81 (IH, d, J=16.9Hz), 5.04 
(IH, m), 5.40 (IH, d. J=16.6Hz), 5.58 (IH, dt), 6.31 (IH, d, 1=11 .6Hz), 6.48 (IH, d, 
J=7.9Hz), 6.50 (IH, s), 6.85 (IH, d, J=7.6Hz), 7.18 (5H. m). 

35 b)(R,S)-i3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[4-(piperidin-4-yl)-l(Z)-butenyl]- 
lH-l,4-benzodiazepine-2-acetic acid 

The tide compound was prepared in the same manner as in Example 61 (e), except 
substituting the compound of Example 62(a). ^H NMR (CDCI3) 5 1.08 (2H, m), 1.41 
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(4H, m). 1.45 (9H, s), 1.62 (2H, d. J=12.9H2), 2.31 (2H. dd), 2.64 (2H, dt), 2.72 (IH. 
dd), 2.82 (2H, dt). 3.03 (IH, dd), 3.73 (3H. m), 3.75 (3H. s). 4.06 (2a d. J=13.2Hz). 
4.93 (IH. t). 5.22 (IH, d. J=16.5Hz). 5.59 (IH, dt. Jcis=l I.6H2). 6.27 (IH, d. 
Jcis=11.7Hz), 6.55 (IH. s). 6.63 (IH. d. J=7.7H2). 6.82 (IH, d. J=7.7Hz), 7.20 (5H. 
5 m); MS(ES) m/e 576.2 (M+H)+. 



Example 63 

10 Prepararion of rR.SVR-f2fF.Vf4-raminom ftthvnphenvnRthRnvn-2,3.4.5-tetrahvdro-3-QXQ- 
4-f2-phenvlethvn-1 H-1 ■4- hRn7.odiazeDinR-2-acetic acid 

a) methyl (R,S)-8-[2(E and Z)-[4-(N-t-butoxycarbonyl)(ainino-methyl)phenyl]ethenyl]- 
2,3,4,5-tetrahydro-3-oxo-4-(2-ph<-nylethyl)- IH- 1 ,4-benzodiazepine-2-acetate 

15 Using the procedure of Examples 61 (d), except substituting the compound of 

Preparation 19 for the compound of Preparation 18, gave the title compounds in the ratio 
of approximately (2:3) (2:E). E-isomer 1h NMR (GDQs) 5 1.47 (9H, s), 2.72 (IH, 
dd), 2.83 (2H. dt), 3.04 (IH. dd). 3.73 (3H, m), 3.75 (3H. s), 4.32 (2H, br s). 4.85 
(IH. br s). 4.95 (IH, t). 5.24 (IH, d, J=16.5Hz). 6.77 (IH, s). 6.83 (2H. 2d). 6.92 

20 (IH, d, Jtrans=16-5Hz), 7.01 (IH. d. Jtrans=16.5Hz), 7.2 (7H, m), 7.43 (2H, d. 
J=8.2Hz); MS(DCI) m/e 570.5 (M+H)+. 

Z isomer: 1h NMR (CDCI3) 5 1.46 (9H, s), 2.66 (IH, dd), 2.82 (2H, m), 2.98 (IH. 
dd), 3.70 (3H, m), 3.74 (3H, s), 4.28 (2H, br s), 4.87 (IH, br s), 4.90 (IH, t), 5.20 
(IH, d, J=16.5Hz). 6.43 (IH, d, Jcis=12.2Hz), 6.49 (IH, s), 6.53 (IH, d, 
25 Jcis=l 1.8Hz), 6.55 (IH, d, J=6.2Hz), 6.69 (IH, d, J=7.8Hz), 7.20 (9H, m); MS(DCI) 
m/e 570.5 (M+H)+ 

b) (R,S)-8-[2(E)-[4-(aminomethyl)phenyl]ethenyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylethyl)-lH-l ,4-benzodia2epine-2-acetic acid 

30 Using the procedure of Example 61(e), except substituting the E isomer of 

Example 63(a) for the compound of Example 61(d), yielded the title compound. MS(ES) 
m/e 456.2 [M+H]+; Anal. (C28H35N3O3 I.5 CF3CO2H) calcd: C, 59.36; H, 5.03; N, 
6.64. found: C, 59.42; H, 4.91; N,6.71; HPLC k* 3.34 (PRP-1®, 35% 
CH3CN/water/0.1% TFA); ^H NMR (CD3OD) 5 2.64 (IH, dd), 2.78 (2H, m). 2.93 

35 (IH, dd), 3.70 (2H. m), 3.84 (IH, d, J=16.8Hz), 4.91 (2H, s), 5.07 (IH, m). 5.42 (IH, 
d, J=16.4Hz), 6.77 (IH, s), 6.81 (IH, d, J=7.5Hz), 6.91 (IH, d, J=7.5Hz), 7.08 (2H, 
s). 7.18 (SH, m), 7.42 (2H. d, J=7.7Hz), 7.59 (2H, d, J=7.9Hz). 
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Example 64 

rR.SV8-f2rZVf4-('anninomethvnphenvnethenvl1-2.3.4.5-tetrahvrirf^-3-oxo-4-f2- 
phenvlethvlV 1 H- 1 ■4-benzodiazepine-2-acetic acid 
5 Using the procedure of Example 61(e), except substituting the Z isomer of 

Example 63(a) for the compound of Example 61(d), yielded the tide compound. MS(ES) 
m/e 462.2 (M+H]+; Anal. (C28H35N3O3.I.75 CF3CO2H) calcd: C. 57.53; H. 4.67; N, 
6.38. found: C. 57.75; H, 4.73; N,6.41.: HPLC k' 4.33 (PRP-1®. 35% 
CH3CN/water/0.1% TPA); hfMR (CD3OD) 5 2.59 (IH, dd), 2.76 (2H, m), 2.88 
10 (IH, dd), 3.69 (2H, m). 3.78 (IH. d. J=16.8H2). 4.02 (2H. s). 5.00 (IH. dd). 5.35 
(IH. d. J=l 6.6Hz), 6.39 (IH. dd), 6.47 (IH, s), 6.54 (2H, s), 6.73 (IH, d, J=7.8Hz). 
7.17 (5H, m), 7.27 (4H, 2d). 

Example 65 

15 

Preparation of fR-S V2.3.4.5-tetrahvdro-3-oxo-4-f2-phenvlethvn-7-rr4-(pvrid-4- 
yHpiperazin- 1 -vllcarhnn vH- 1 H- 1 .4-henzodiazqiin e-2-acetic acid 

a) methyl (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-7-[[4-(pyrid-4-yl)pipeiazin-l- 
yl]carbonyl]-lH-l,4-benzodiazepine-2-acetate 
20 Using the procedure of Example 32(a), except substituting l-(pyiid-4-yl)pipera2ine 

forN-methyl-2-(4-pyridyl)ethanamine, gave the tide compound. HPLC RT 16.3 min 
(YMC ODS-AQ, 6x250 mm, 15 mL/min, gradient, Aracetonitrile B:water-0.1% TFA, 10- 
80% A during 20 min, UV detection at 220 ran); MS(ES) m/e 528 [M+H]+ 

25 b) (R,S)-2.3,4,5-tetrahydro-3-oxo-4-(2-phenylediyl)-7-[[4-(pyiid-4-yl)piperazin-l- 
yl]carbonyl]-lH-l,4-ben2odiazepine-2-acetic acid 

Using die procedure of Example 1 0'), except substituting the compound of 
Example 65(a) for the compound of Example l(i), gave the tide compound. HPLC RT 
14.6 min (YMC ODS-AQ, 6x250 mm, 1.5 mLAnin, gradient, A:acetonitrile B:water-0.1% 

30 TFA, 10-80% A during 20 min, UV detection at 220 nm); 1 H NMR (DMS0-d6:TFA, 250 
MHz) 8 8.3 (m. 2H), 7.19 (m. 9H). 6.55 (d. IH), 5.4 (d. IH). 5.09 (ra. IH). 4.0 (d, 
IH), 3.7 (m, 8H), 2.8-2.4 (br m, 6H); MS(ES) m/e 514 [M+H]+. 

35 

Preparation of fR.<;V 2.3.4.5-tetrahvdro-3-nxn-7-rrr2-fpiDeridin-4- 
vl'>ethvl1 methvlaminolcarbonvll- 1 H-2-ben2a2epine-4-aceric acid 
a) t-butyl 3-bromo-4-methylbenzoate 
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A mixture of 3-bromo-4-rr.cihylben20ic acid (10.75 g, 50 mmol) in dry ether (50 
mL) in a glass bomb was cooled to -30°C and isobutylene gas was bubbled in to give a 
total reaction volume of approximately 150 mL. Trifluoromethanesulfonic acid (0.22 g, 
2.5 mmol) was added dropwise to the stirred mixture, and the bomb was sealed. The 

5 ' reaction was allowed to warm to RT and was stirred for 6 d. The bomb was opened 
carefully, and 5% sodium bicarbonate (50 mL) was added slowly. The mixture was 
allowed to stir for 15 min and ether (250 mL) was added. The layers were separated and 
the organic layer was washed with 5% sodium bicarbonate (2x50 mL) and then with brine 
(50 mL). Drying (magnesium sulfate) and concentration gave the title compound (12.88 g, 

10 95%) as a yellow oil. TLC Rf 0.68 (toluene); NMR (250 MHz, CDCI3) 5 8.13 (d, 
J=1.7 Hz. 1 H), 7.81 (dd, J=7.9, 1.7 Hz, 1 H), 7.27 (d, J=7.9 Hz, 1 H). 2.44 (s, 3 H), 
1.59 (s, 9 H); IR (CCI4) 1715. 1368. 1297, 1255, 1170, 1123, 1115 cm-1; MS(ES) m/e 
273.0 [M+H]+, 271.0 [M+H]+, 214.8 [M+H-C4H8J+. 

15 b) t-butyl 3-bromo-4-(bromomethyl)benzoate 

A mixture of the compound of Example 66(a)(5.25 g. 1 9.36 mmol), N- 
bromosuccinimide (3.79 g. 21.3 mmol), and benzoyl peroxide (0.23 g, 0.97 mmol) in 
carbon tetrachloride (100 mL) was heated to reflux. After 15 h, the mixture was cooled, 
filtered, and the filtrate was concentrated. The resulting material was used without 

20 purification. TLC Rf 0.57 (10% ethyl acetaie/hexane). 

c) t-butyl 3-bromo-4-[[N-t-butoxycarbonyl-N-methoxycarbonyl]amino]methylbenzoate 

The compound of Example 66(b) and methyl i-butyl iminodicarboxylate potassium 

salt (prepared according to J. Chem, Soc. Perkin Trans. /, 1088. (1988)) (3.10 g, 14.52 
25 mmol) were combined in diy dimethylformamide (20 mL), and the mixture was warmed in 

an oil bath at 60**C. More methyl t-butyl iminodicarboxylate potassium salt (0.83 g, 3.89 

mmol) was added after 20 min and the mixture which was stined an additional 5 min and 

concentrated. The residue was partitioned between water (100 mL) and ether (100 mL). 

and the layers were separated. The aqueous layer was extracted with ether, and the 
30 combined organic layers were dried (magnesium sulfate) and concentrated to a brown oil. 

Chromatography (silica gel, 20% ethyl acetate/hexane) gave the title compound (5.21 g, 

61%) as a yellow oil which solidified in vacuum. TLC Rf 0.49 (20% ethyl acetate/hexane); 

iH NMR (250 MHz, CDCI3) 5 8.15 (d, J=L6 Hz. 1 H), 7.89 (dd. J=8.1, 1.6 Hz. 1 H). 

7.16 (d. J=8.1 Hz. 1 H), 4.95 (s, 2 H), 3.84 (s, 3 H). 1.59 (s, 9 H), 1.41 (s, 9 H); IR 
35 (carbon tetrachloride) 1756, 1719. 1369. 1352, 1297, 1255, 1222, 1155, 1113 cm'h 

MS(ES) m/e 446 [M+H1+, 444 [M+H]+, 390 [M+H-C4H83+, 388 [M+H-C4H81+ 334 

[M+H-2xC4H8l+, 332 [M+H-2xC4H8]+. 
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d) t-bulyl 3-bromo-4-[(i-buloxycarbonyl)amino] methylbenzoate 

A solution of the compound of Example 66(c) (5.21 g, 1L73 mmol) and IN 
sodium hydroxide (1 1.7 mL, 1 1.7 mmol) in methanol (105 mL) was stirred at RT. After 
20 min, the reaction was diluted with water (250 mL) and extracted with edier. The 
5 combined organic layers were washed with brine (100 mL), dried (magnesium sulfate), 
and concentrated. Chromatography (silica gel, 15% ethyl acetate/hcxane) gave the tide 
compound (4.29 g, 95%) as a light yellow oil which slowly, partially solidified. 
TLC Rf 0.41 (15% ethyl acetate/hexane); NMR (400 MHz, CDCI3) 5 8.13 (d, J=1.5 
Hz, 1 H), 7.90 (dd, J=8.0. 1.5 Hz. 1 H). 7.42 (d, J=8.0 Hz, 1 H), 5.07 (m, 1 H). 4.41 
10 (d, J=6.3 Hz, 2 H), 1.59 (s, 9 H), 1,45 (s, 9 H); IR (carbon tetrachloride) 3450, 1719, 
1496. 1394, 1371, 1300, 1255. 1x72, 1120cm-l; MS(ES) m/c 410.0 [M + Nal+ 408.2 
[M + Nal+. 386.2 [M+H]+, 388 [M+H]+ 330.0 [M+H-C4H81+ 332 [M+H-C4H81+ 
274 [M+H-2xC4H8]+ 276 [M+H-2xC4H8]+. 

15 e) methyl 3-methoxycarbonyl-4-[5-(t-butoxycarbonyl)-2-[[(t- 
butoxycarbonyl)amino]methyl]phenyl]-3-butenoate 

Dimethyl itaconatc (607 mg, 3.84 mmol) was added to a solution of the compound 
of Example 66(d) (1.14 g, 2.95 mmol), palladium(II) acetate (33 mg, 0.15 mmol), tri- 
ortho-tolylphosphine (90 mg, 0.30 mmol), and diisopropylethylamine (1.03 mL, 5.90 

20 mmol) in propionitrile (15 mL). The solution was deoxygenated through three 

evacuation/argon purge cycles, and was heated to reflux under argon. After 55 min, the 
reaction was cooled in ice/water and poured into cold ether (150 mL). After standing for 
10 min, the mixture was filtered, and the filter pad was washed with ether. The filtrate 
was concentrated to a yellow oil, which was concentrated from toluene to remove residual 

25 propionitrile. The residue was chromatographed (silica gel, step gradient, 15-30% ethyl 
acetate/hexane). All products with Rf 0.26 (major product) to Rf 0.65 (25% ethyl 
acetate/hexane) were isolated together as a cloudy, yellow oil, TLC Rf 0.26 (major 
product), 0.37, 0.49, 0.56, 0.65 (minor products) (25% ethyl acetate/hexane). 

30 f) methyl (R,S)-3-methoxycarbonyl-4-[5-(t-butoxycarbonyl)-2-[[(t- 
butoxycarbonyl)amino]methyl]phenyl]butanoate 

,10% Palladium on carbon (0.94 g) was added carefully to a well-stirred solution of 
die compound of Example 66(e) (1.36 g, 2.93 mmol) in etiiyl acetate-methanol (1:1) (29 
mL) at O^C. The stirring bar was removed, and the mixture was shaken at RT under H2 

35 (50 psi). After 2 h, the mixture was filtered dirough Celite®, and the filtrate was 

concentrated to a pale yellow residue. The residue was dissolved in methanol (29 mL), 
and palladium (n) hydroxide on carbon (moist, Pearlman's catalyst. 0.59 g) was added. 
The mixture was shaken at RT under H2 (50 psi) for 3 h. dien was filtered through 
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Celite®. The filtrate was concentrated to a cloudy, colorless oil, which was reconcentrated 
from toluene to remove residual methanol. Chromatography (sUica gel, 30% ethyl 
acetate/hexane) gave the title compound (1.03 g. 76%) as a colorless oil. TLC Rf 0.35 
(25% ethyl acetate/hexane); NMR (250 MHz, CDCI3) 5 7.83 (dd. J=8.0, 1.6 Hz, 1 

5 H). 7.73 (d, J=1.6 Hz, 1 H), 7.36 (d. J=8.0 Hz, 1 H), 4,90-5.05 (m. 1 H). 4.25-4.50 
(m, 2 H). 3,66 (s, 3 H), 3.64 (s, 3 H), 3.03-3.20 (m. 2 H), 2.67-2.93 (m. 2 H). 2.48 
(dd, J=:16.8. 5.1 Hz. 1 H), 1.59 (s. 9 H). 1.45 (s. 9 H); IR (CCI4) 3300-3480 (br). 
1740, 1715, 1368, 1 157 cm'h MS(ES) m/e 953.4 [2M + Na]+, 931.4 [2M+H]+ 488.0 
[M + Na]+, 466.0 [M+H]+. 410.0 tM+H-C4H8]+. 354 [M+H-2xC4H8r. 310 [M+H- 

10 2XC4H8-C02]'*". 

g) methyl (R,S)-3-methoxycarbonyl-4-t5-carboxy-2-(aminomethyl)phenyl]butanoate 

TFA (3.2 mL) was added all at once to a cloudy solution of the compound of 
Example 66(0 (296.5 mg, 0.64 mmol) in dry dichloromethane (32 mL) at O^C under 
15 argon. The solution was wanned to RT, stirred for 2 h and concentrated. The residue was 
concentrated once from 2:1 U-dichloroethanertoluene (10 mL) to remove residual TFA. 
The resulting material was used without purification. 

h) methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo- lH-2-benzazepine-4-acetate 

20 The compound of Examph 66(g) was dissolved in anhydrous medianol (3.2 mL) 

and the solution was cooled to 0°C under argon. Freshly prepared 1 .0 M sodium 
methoxide/methanol (3.2 mL. 3.2 mmol) was added rapidly, and the ice bath was 
removed. The reaction was allowed to warm to RT over 10 min and heated to reflux under 
argon. After 2 h. the reaction was cooled in ice, and cold IN hydrochloric acid (3.4 mL, 

25 3.4 mmol) was added rapidly. The mixture was filtered after 1 h at 0°C, and the filter pad 
was washed with water and then with cold metiianol, to afford the tide compound (149.2 
mg, 84%) as a colorless powder. TLC Rf 0.38 (10% medianol/chloroform); ^H NMR 
(400 MHz, DMS0-d6) 5 8.08 (app 1. 1 H), 7.65-7.72 (m. 2 H), 7.27 (d. J=7.8 Hz, 1 H), 
4.79 (dd, J=16.4..4.9 Hz, 1 H). 4.01 (dd, J=16.4. 6.7 Hz, 1 H), 3.59 (s, 3 H). 3.50- 

30 3.61 (m, 1 H), 3.07 (dd. J=17.2, 3.6 Hz, 1 H), 2.87 (dd. J=17.2, 13.0 Hz, 1 H), 2.70 
(dd, J=16.7, 8.7 Hz, 1 H), 2.45 (dd. J=16.7, 5.2 Hz, 1 H); MS(ES) m/e 278.0 
[M+H]+. 

i) methyl (R,S)-2,3,4.5-tetrahydro-3-oxo-7-[[[2-(pyrid-4-yI)ethyllmethylamino)carbonyl]- 

35 lH-2-benzazepine-4-acetate 

l-(3-dimethylaminopropyl)-3-ethyIcarbodiimide hydrochloride (90 mg, 0.47 

mmol) was added to a solution of tiie compound of Example 66(h) (107.6 mg, 0.39 
mmol), N-methyl-2-(pyrid-4-yl)ethanamine (64 mg, 0.47 mmol), 1-hydroxybenzotriazole 
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(63 mg, 0.47 mmol), and diisopropylethylamine (0.14 mL. 0.78 mmol) in dry 
dimethylfonnamide (2 mL) at RT under argon. The reaction was stirred for 23 h and 
concentrated. The residue was partitioned between etiiyl acetate and water. The layers 
were separated, and the organic phase was washed with water. The combined aqueous 

5 layers were back-extracted with ethyl acetate. The combined organic layers were dried 
(sodium sulfate) and concentrated to leave a yellow oil. The combined aqueous layers 
were concentrated and sodium chloride was added. The resulting mixture was 
exhaustively extracted with chloroform. The combined organic phase was dried (sodium 
sulfate) and concentrated to give a yellow oil, which was combined with the material from 

10 the ethyl acetate phase. Chromatography (silica gel, 10% methanol/chloroform) gave the 
tide compound (139.7 mg, 91%) as a colorless oil. TLC Rf 0.45 (10% 
meihanol/chlorofonn); NMR (400 MHz, CDCI3) Rotameric mixture; 5 8.41-8.63 (m, 
2 H). 6.72-7.28 (m, 5 H), 6.53 (t, J=6.0 Hz. 1 H). 4.83 (dd, J=16.3, 4.8 Hz, 1 H), 4.09 
(dd, J=16.3, 6.5 Hz, 1 H), 3.45-3.88 (m, 3 H), 3.72 (s, 3 H), 2.70-3.25 (m, 8 H), 2.50 

15 (dd, J=16,9, 6.1 Hz, 1 H); IR (chloroform) 3400, 1727, 1660, 1623 cm-1; MS(ES) m/e 
396.2 [M+H]+. 

j) methyl (R,S)-2,3.4,5-tetrahydro-3-oxo-7-[[(2-(piperidin-4- 
yl)ethyl]methylamino]carbonyl]-lH-2-benzazepine-4-acetate 

20 Platinum oxide (4 mg) was added to a solution of the compound of Example 66(i) 

(139.7 mg, 0.35 mmol) and IN hydrochloric acid (0.35 mL, 0.35 mmol) in metiianol (3.5 
mL), and the mixture was stirred briskly under H2 (balloon pressure). After 7 h, the 
reaction was filtered through Celite® and concentrated, and the residue was dissolved in 
methanol (3.5 mL). Platinum oxide (4 mg) was added, and the mixture was stirred briskly 

25 under H2 (balloon pressure) for 16.5 h. Filtration through Celite® and concentration left a 
coloriess oil. This was used without purification. HPLC k' 3.2 (PRP-l®, 15% AN/W- 
TFA). 

k)(R,S)-2,3,4.5-tetiahydro-3-oxo-7-[[[2-(piperidin-4-yl)ethyl]methylamino]carbonyl]- 

30 lH-2-benzazepine-4-aceiic acid 

The compound of Example 66(j) was dissolved in methanol (12 mL) and cooled to 
O'^C. IN Sodium hydroxide (1.05 mL, 1.05 mmol) was added dropwise, and the solution 
was allowed to warm to RT. The reaction was stirred at RT for 24 h and concentrated. 
The residue was concenoated from 1:1 acetonitrile:water (4 mL) to remove methanol, the 

35 residue dissolved in 1 :1 acetonitrileiwater (4 mL), and cooled in ice. TFA (0.27 mL, 3.5 
mmol) was added and the reaction was concentrated. The residue was purified by 
reversed-phase flash chromatography (ODS, 10-12.5% AN/W-TFA). Concentration and 
lyophilization gave the title compound (97.5 mg, 47%) as a colorless powder. HPLC k' 
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5.19 (PRP-1®, 10% ANAV-TFA); NMR (400 MHz, DMSO-de) Rotameric mixture; 
5 8.52-8.72 (m. 1 H), 8.15-8.43 (m, 1 H), 8.07 (t. J=5.8 Hz, 1 H), 7.20 (d, J=8.3 Hz, 1 
H), 7.08-7.15 (m. 2 H), 4.77 (dd, J=16.3, 4.7 Hz, 1 H). 3.96 (dd, J=16.3. 6.7 Hz, 1 
H), 2.70-3.55 (m. 12 H), 2.65 (dd, J=16.8, 8.4 Hz. 1 H), 2.34 (dd, J=16.8, 5.2 Hz, 1 
H). 1.82-1.95 (m. 1 H), 1.02-1.62 (m. 6 H); MS(ES) m/e 388.2 [M+H]+; Anal. 
(C21H29N3O4 • 1.75 (CF3CO2H)) calcd: C. 50.13; H, 5.28; N, 7.16. found: C, 50.20; 
H, 5.21; N. 7.21 

Example 67 

Preparation of (R.SV2.3.4.5-tetrahvdro-3-oxo-2-f2-Dhenvlethvn-7-rrr2- f pineridin-4- 
y |>ethyllmethvlaminol-carbonvn-l H-2-benzazeDine-4-acetic acid : 

a) methyl (R,S)-2,3.4.5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[l2-(pyrid-4- 
15 yl)ethyl]metiiylamino]carbonyi]-lH-2-benzazepine-4-acetate 

Using the procedure of Example 32(a), except substimting the compound of 
Example 1(g) for methyl (R,S)-8-cariJoxy-l,2,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- 
3H-l,4-ben2odia2epine-2-acetate. gave the tide compound. HPLC RT 16.2 min (YMC 
ODS-AQ, 6x250 mm. 1.5 mLAnin, gradient, A:acetonitrile B:water-0.1% TFA, 10-80% A 
20 during 20 min, UV detection at 220 nm). 

b) mediyl(R,S)-2,3.4.5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-(piperidin-4- 
yl)ethyl]methylamino]carbonyl]-lH-2-benza2epine-4-acetate; and 

methyl (R,S)-2.3,4,5-tetrahydro-3-oxo-2-(cyclohexylethyl)-7-[[[2-(piperidin-4- 
25 yl)ethyl]methylaminolcaibonyl]-lH-2-benza2epine-4-acctate 

Using the procedure of Example 36(a), except subsdmdng the compound of 

Example 67(a) for the compound of Example 32(a), gave a mixture of the tide compounds. 

2-(2-phenylediyl) compound: MS(ES) m/e 506 [M+H1+; HPLC RT 16.47 min (YMC 

ODS-AQ, 6x250 mm, 1.5 mUmin, gradient, A:acetonitiile B:water-0.1% TFA. 10-80% A 
30 during 20 min. UV detection at 2^:0 nm). 

. 2-(2-cyclohexylethyl) compound: MS(ES) m/e 511 [M+H]+; HPLC RT 19.14 min (YMC 

ODS-AQ, 6x250 mm. 1.5 mL/min, gradient, A:acetonitrile B:water-0.1% TFA, 10-80% A 

during 20 min, UV detection at 220 nm). 

35 c)(R,S)-2,3.4,5-tetrahydro-3-oxo-2-(2-phenylethyI)-7-[[[2-(piperidin-4- 
yl)ethyl]methy lamino]carbonyl]- 1 H-2-benzazepine-4-aceuc acid; and 

Using the procedure of Example l(j), except substituting the compounds of 
Example 67(b) for die compound of Example l(i), yielded die tide compound which was 
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separated from the 2-ethylcyclhexyl compound by HPLC. HPLC RT 14.59 min (YMC 
ODS-AQ, 6x250 mm, 1.5 mL/min, gradient, A.acetonitrile B:water-0.1% TFA, 10-80% A 
during 20 min, UV detection at 220 nm); MS(ES) m/e 492 [M+H]+ 

5 Example 68 

fR.SV2.3.4.5-tetrahvdro-3-oxo-2-frvclnhexvlethvn-7-rrf2-fpipRridin-4- 
yl'>ethvnmethylaniino1carbonyn-lH-2-benza2epine-4-aceticacid 

The title compound was isolated from the reaction mixture of Example 68(c) by 
10 HPLC HPLC RT 17.61 min (YMC ODS-AQ, 6x250 mm. 1.5 mL/min, gradient, 
A:acetonitriIe B:water-0.1 % TFA, 10-80% A during 20 min, UV detection at 220 nm); 
MS(ES)ra/e498[M+H]+ 

Example 69 

15 

Preparation of rR.SV2.3.4.5 -tetrahvdro-3-oxn-4-f2-phenvlethvn-8-f4-fnineridin-4- 
vnbutvll-lH-l ■4-benzodiazepine-2-aceric acid 

a) methyl (R,S)-8-I4- [(N-t-butoxycarbonyl)-piperidin-4-yl]butyl]-2,3,4,5-tetrahydro-3- 
20 oxo4-(2-phenylethyl)- IH- 1 ,4-benzodiazcpine-2-acetate 

A mixture of the E/Z isomers of Example 63-64(c) and 10% palladium on carbon in 
acetic acid was shaken under hydrogen (50 psi) for 4 h to give the dde compound. 

b) (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-(piperidin-4-yl)butyl]- IH- 1,4- 
25 benzodiazepine-2-acetic acid 

Using the procedure of Example 13(b) and 13(c), except substituting the 
compound of Example 69(a) for the compound of Example 13(a), gave the tide compound. 
MS(ES) m/e 464.2 [M+H]+; Anal. (C28H37N3O3 CF3CO2H I.25 H2O) calcd: C, 59.91; 
H, 6.51; N, 6.73. found: C, 60.04; H, 6.80; N,7.00.; HPLC k' 4.73 (PRP-1®, 35% 
30 AN/W-TFA); iR NMR (CD3OD) 5 1.32 (6H, m), 1.57 (3H, m), 1.87 (2H, d, 

J=14.0Hz), 2.49 (2H, t), 2.61 (IH. dd), 2.75 (2H, m), 2.90 (3H, m), 3.30 (2H, m), 
3.68 (2H, m), 3.80 (IH. d, J=16.7Hz), 5.02 (IH, dd). 5.37 (IH, d, J=16.5Hz), 6.41 
(IH, d, J=8.0Hz), 6.42 (IH, s), 6.80 (IH, d, J=8.0Hz), 7.17 (5H, m). 

35 Example 70 

Preparation of 8-fr4-faminoiminomethvl'>ben20vnamin n1-2.3.4.5-tetrahvdro-3-nxn-1H- 
2.4-benzodiazepine-2-aceric acid 
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a) a,a*-diphthalimidoyl-o-xylene 

A mixture of a,a'-dibromo-o-xylerie (26 g.98 mmol) and potassium phthalimide 
(54.7 g, 294 mmol) in dimethylformamide (500 mL) was refiuxed for 18 h. The solution 
5 was cooled to RT, poured into water, filtered and the filter cake was dried at reduced 
pressure to give the title compound (35 g, 90%). 

b) 4-nitro-a,a'-diphthalimidoyl-o-xylene 

To a cold solution of potassium nitrate (6.2 g, 61.2 mmol) in concentrated sulfuric 
10 acid (350 mL) was added portion wise the compound of Example 70(a) (22 g, 55.6 

mmol). The resulting solution was warmed to RT and sdixed for 18 h. The mixture was 
carefully poured into ice water and the mixture was filtered. The filter cake was washed 
with water and dried at reduced pressure to give the title compound (23,58 g, 96%). 

15 c) U2-bis(ammomcthyl)-4-nitro-benzcnc 

To a solution of hydrazine (26 mL, 535 mmol) in cthanol (1000 mL) was added 
portion wise the compound of Example 70(b) (23.58 g, 53.5 mmol). The solution was 
refiuxed for 1 h. Additional hydrazine (26 mL, 535 mmol) was added followed by 
ethanol (500 mL). The solution was stirred at RT for 18 h, filtered and the filtrate was 

20 concentrated. The residue was triturated with chloroform (600 mL) for 1 h. Filtration and 
concentration gave the title compound (9.42 g, 97%). 

d) 2,3,4,5-tetrahydro-7-nitro-3-oxo-lH-2.4-benzodiazcpine 

To a solution of the compound of Example 70(c) (9.42 g, 5L9 mmol) in THF (500 
25 mL) was added dropwise l,r-carbonyldiimida2ole (9.2 g, 56.8 mmol) dissolved in THF 
(250 mL). The resulting mixture was stirred at RT for 6 d. filtered and concentrated to 
yield the title compound (7.7 g, 71%). 

e) 2,3,4,5-tetrahydro-7-nitro-3-thioxo-lH-2,4-benzodiazcpine 

30 A heterogeneous solution consisting of the compound of Example 70(d) (5.5 g, 

26.6 mmol) and Lawesson*s Reagent (7.0 g, 17.3 mmol) in toluene (100 mL) was heated 
to 80*^0 under an argon atmosphere for 1.5 h. The solution was cooled and filtered. The 
solid was triturated with (7:3) dichloromethane:methanol for 1 h, filtered, and concentrated 
to give the title compound (4.3 g, 73%). 

35 

f) methyl 2,5-dihydro-3-methylthio-7-nitro-lH-2,4-benzodiazepine-2-acetate; and 
methyl 2,5-dihydro-3-methylthio-8-nitro- lH-2,4-benzodiazepine-2-aceiate 
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To a solution of the compound of Example 70(e) (2.2 g, 9.9 mmol) in 
dimethylformamide (50 mL) was added dropwise iodomethane (0.614 mL, 9.9 mmol) 
dissolved in dimethylformamide (5 mL). The solution was stiired for 1 h and potassium 
carbonate (3.0 g, 21.8 mmol) was added followed by methyl bromoacetate (0.934 mL, 9.9 
5 mmol). The solution was stirred for 1 8 h, filtered and concentrated to give a residue which 
was partitioned between ethyl acetate and water. The organic layer was concentrated to 
give a mixture of the ride compounds (2.26 g. 74%), 

g) methyl 23,4.5-tetrahydro-7-nitro-3-oxo^lH-2,4-ben2odiazepine-2-acetate; and 
10 methyl 2,3.4,5-tetrahydro-8-nitro-3-oxo-lH-2,4-bcn2odiazepine-2-acetaie 

The mixture of the compounds of Example 70(f) (2.26 g, 73 mmol) was dissolved 
in water/dioxane (1:1) (50 mL) and rcfluxed for 18 h. The solution was concentrated and 
the residue was triturated with water (30 mL), filtered and dried at reduced pressure to give 
a mixture of the title compounds (1.38 g. 68%). 

15 

h) methyl 8-amino-2,3,4,5-teirahydro-3-oxo-lH-2,4-benzodia2epine-2-acetate 

The mixture of the compound of Example 70(g) (470 mg, 1.7 mmol) was 
dissolved in (1 : 1) methanolrdimethylformamide (20 mL). Argon was bubbled through the 
system and 10% palladium on carbon (80 mg) was added and the mixture was shaken 

20 under hydrogen (40 psi) for L5 h. The solution was filtered through Celite® and 
concentrated. The residue was chromatographed (silica gel, 4% 
methanol/dichloromcthane) to yield the title compound (1 10 mg, 42%), NMR (360 
MHz, DMS0d6) 5 3.6-3.65 (s, 3H), 4.0-4.1 (m. 4H), 4.25-4.3 (s, 2H), 5.7 (s, 2H), 
6.35-6.45 (dd, IH), 6.45-6.5 (d, IH), 6.6-6.65 (t, IH). 6.85-6.9 (d, IH); MS(ES) m/e 

25 250.2 [M+H]+; TLC Rf 0.60 (9: 1 dichloromethanermethanol). 

i) methyl 8-[[4-(N-ben2yloxycarbonyl)(aminoiminomethyl)-benzpyl]amino]-2,3,4,5- 
tetrahydro-3-oxo-lH-2,4-benzodiazepine-2-acetate 

Using the procedure of Example 32, except substituting the compound of example 
30 70(h) for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- lH-1 ,4- 
benzodiazepine-2-acetate, and substituting 4-(benzyloxycarbonyl-amidino)benzoic acid for 
N-metiiyl-2-(4-pyridyl)ethanamine, and substituting dicyclohexylcarbodiimidc for l-(3- 
dimcthylaminopropyl)-3-ethylcarbodiimide hydrochloride, gave the title compound. 

35 j) 8-[[4-(aminoiminomethyl)benzoyl]amino]-2,3,4,5-tetrahydro-3-oxo-lH-2,4- 
benzodiazepine-2-acetic acid 

Using the procedures of Example l(i) and 10). except substituting die compound 
of Example 70(i) for the. compound of Example 1(h) gave the title compound. Anal, 
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(C21H26N5O7.5) calcd: C, 53.84; H. 5.59; N, 14.95. found: C. 54.04; H. 5.92; N. 
14.81; MS(ES) m/e 382.0 [M+H]+. NMR (DMSO-de. 360 MHz) 5 2.5 (s, 3H). 3.9- 
4.0 (d. 2H). 4.2-4.3 (d. 2H), 4.4-4.5 (d, 2H). 6.5-6.6 (m, IH), 7.2-7.3 (d, IH), 7.6-8.1 
(m. 10 H). 

5 

Example 71 

jpreparationof rR.SV8-frf2-rr?-aminoVvrid-4-vl1ethvn rnethvlaminokarhonvll-2.3.4.5- 
t grrflhvdm-3-oxo-4-f2-nhp-nvlethvlVlH -1 -4-hen20diazeDine-2-acetic acid 

10 Using the procedure of Example 54, except substituting the compound of 

Preparation 20(b) for the compound of Preparation 130'), an^i purifying die product by 
flash chromatography (YMC ODS-AQ S-50, 20-25% AN/W-TFA) gave the tide 
compound. MS(ES) m/e 502.2 [M+H1+; HPLC k' 4.92 (PRP-l®, 25% ANAV-TFA); 
NMR (400 MHz, CD3OD) 6 2.65 (IH, m), 2.75 (2H, m), 2.84 (IH. t), 2.92 (IH, m), 

IS 2.99 (3H, s), 3.10 (IH, s), 3.63 (2H, m), 3.72 (IH, m), 3.79 (IH, t), 3.87 (IH, d, 
J=16.8Hz). 5.11 (IH, 2t), 5.43 (IH, d, J=15.6Hz). 6.35, 6.53 (IH, 2s), 6.40, 6.49 
(IH, 2d. J=7.5Hz), 6.46. 6.88 (IH. 2d), 6.61, 6.89 (IH, 2s), 6.94, 6.97 (IH, 2d). 7.17 
(5H, m), 7.57. 7.74 (IH, 2d. J=6.5Hz). 

20 Example 72 

Prftparatinnof fR.SV7-rrf2-rf2-amino'>pvrid-4-vl1ethvnm ftthvlaminolcarbonvn-2.3.4.5- 

tetrahvdro-3-oxo-2-f2-phenvlethyn-lH-2-b enzazepine-4-acetic acid 

Using the procedure of Example 71. except substituting the compound of Example 
25 1 (g) for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydio-3-oxo-4-(2-phenylcthyl)-lH-1.4- 

benzodiazepine-2-acetate. gave the tide compound: MS(ES) ni/e 501.2 [M+H]+; Anal. 

(C29H32N4O4 I.25 CF3CO2H-0.5 H2O) calcd: C, 57.97; H. 5.22; N. 8.60. found: C. 

58.01; H. 5.29; N,8.59.; HPLC k' 3.42 (PRP-l®, 25% AN/W-TFA); ^H NMR (400 

MHz. CD3OD) 5 2.46 (IH. m), 2.70 (3H, m), 2.83 (2H. m), 2.98 (3H, s), 3.02 (IH. 
30 m), 3.13 (IH, s), 3.57 (IH. m), 3.64 (IH, m). 3.81 (3H, m), 4.03 (IH, d, J=16.7H2), 

5.21 (IH, d, J=l6.7Hz). 6.47-7.01 (3H, m), 7.01-7.22 (7H, m), 7.57, 7.76 (IH. 2d). 

Example 73 

35 Preparation nf S-rrr4-f aminoiminomethvl'>phenvnmethvlamino1 carb on vn-2.3.4.5- 
iKrrahvrirn-:^.9xr)-2 -henza7-eDine-2-propionic acid 



a) 7-methoxy-2-tetralone oxime 
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A mixture of 7-methoxy-2-tetralone (0.50 g, 2.8 mmol), hydroxyl amine 
hydrochloride (0.38 g, 5.6 mmol) and sodium bicarbonate (0.47 g, 5.6 mmol) in methanol 
(20 mL) was heated to reflux for 3 h. The mixture was poured into water (15 mL) and 
extracted with chloroform. The organic phases were combined, washed with brine, and 
5 concentrated to give a white solid Precipitation from ethyl acetate/hexane gave the title 
compound (420 mg, 79%) as a granular solid. MS(ES) m/e 191 [M+H]"'-. 

b) 8-methoxy-2,3.4,5-tetrahydro-3-oxo-lH-2-benzazepine 

A stirred suspension of ths compound of Example 73(a) (3.0 g, 15.5 mmol) in 
10 polyphosphoric acid (30 g) was heated to 1 ICC for 10 min. The dark solution was cooled 
to ambient temperature, quenched with crushed ice (300 mL) and extracted with ethyl 
acetate. The organic extracts were combined, washed with brine, dried (magnesium 
sulfate) and concentrated to afford a mixture of die title compound and 8-methoxy-2,3,4,5- 
tetrahydro-2-oxo-lH-3-benzazepine (2.63 g. 88%). MS(ES) m/e 191 [M+H1+. 

15 

c) 8-hydroxy-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine. 

A solution of die compound of Example 73(b)(3.79 g,19.8 mmol) in 
dichloromethane (40 mL) was added in one portion to a O^C suspension of aluminum 
chloride (8 g, 60 mmol) in edianetiiiol (20 mL) under argon. The mixture was allowed to 

20 come to RT and stirring was continued for 1 8 h. The mixture was quenched witii ice (500 
mL), acidified with IN hydrochloric acid and extracted with ethyl acetate. The organic 
phases were combined, washed with brine, dried (magnesium sulfate), and concentrated. 
The residue was chromatographed (silica gel, 0-4% methanol/chlorofonn) to yield 8- 
hydroxy-2,3,4,5-tetrahydro-2-oxp- lH-3-benzazcpine and the title compound (1.43 

25 g.42%). MS(ES) m/c 177 [M+HJ+. 

d) 8-(trifluoix)methylsulfonyl)oxy-2,3,4,5-tetrahydro-3-oxo-lH-2-benzazepine 

The compound of Example 73(c)(310 mg, 1.8 mmol) in dichloromethane (50 mL) 
was stirred at -SO'C and treated with 2,6-lutidine (0.32 mL, 2.7 mmol), 4- 
30 (dimethylamino)pyridine (44 mg, 0.36 mmol). and triflic anhydride (0.45 mL, 2.7 mmol) 
under a stream of argon. The reaction was allowed to come to RT and stirred for 4 h. The 
mixmrc was concentrated and the residue was triturated with ether, filtered, and the filtrate 
was washed with IN hydrochloric acid and with brine, and concentrated to give tiie titie 
compound (220 mg, 40%). MS(ES) m/e 309 [M+H]+. 

35 

e) 8-benzyloxycarbonyl-2,3.4,5-tetrahydro-3-oxo- lH-2-benzazepine 

A flame dried three neck flask was charged with die compound of Example 73(d) 
(440 mg, 1.5 mmol), palladium(II) acetate (90 mg, 0.4 mmol), 1,1'- 
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bis(diphenylphosphmo)-fem)cene (443 mg, 0.8 mmol), and dry uiethylamine (0.42 mL, 
3.0 mmol) in dimethylformamide (10 mL). Carbon monoxide was bubbled through the 
solution for 15 min, and benzyl alcohol (1.55 mL. 15 mmol) was added. The resulting 
solution was then heated to 70°C under a carbon monoxide balloon for 4 h. The reaction 
5 was cooled to RT, diluted with ethyl acetate, extracted with IN hydrochloric acid, water, 
and brine, dried (magnesium sulfate), and concentrated. The resulting solid was 
chromatographed (silica gel. 2% metiianol/chloroform) to afford tiie tide compound (290 
mg, 91%). MS(ES) m/e 295 [M+H]+. 

10 f) metiiyl 8-ben2yloxycarbonyl-2,3.4.5-tetrahydro-3-oxo-lH-2-benzazepine-2-propionate 
To a solution of die compound of Example 73(e) (290 mg. 0.98 mmol). methyl 
acrylate (0.9 mL, 9.8 mmol) and methanol (5 mL) was added sodium hydride (24 mg. 
6.98 mmol). The resulting solution was refluxed overnight and the mixture was 
concentxated. The residue was chromatographed (silica gel. 30% ethyl acetaie/hexane) to 

15 give tide compound (260 mg. 70%). MS(ES)m/e 381 [M+H1+ 

g) methyl 8-carboxy-2,3,4,5-tetrahydro-3-oxo-2-benzazepine-2-propionate 

A suspension of die compound of Example 73(f) (260 mg, 0.7 mmol), 5% 
palladium on barium sulfate (50 mg) in ethanol (10 mL) was shaken under hydrogen (50 
20 psi) for 4h. The resulting suspension was filtered tiirough Celite® and die filtrate was 
concentrated. Precipitation of the residue from etiiyl acetateyliexane afforded die tide 
compound (180 mg, 90%) as a white wax. MS(ES) m/e 291 [M+H]+ 

h) 8-[[[4-(amin(riminomeUiyl)phenyI]mediylamino]carbonyl]-2,3.4,5-tetrahydro-3-oxo-2- 

25 benzazepine-2-propionic Acid 

Using the procedure of Examples 1(h) through IQ), except substituting the 
compound of Example 73(g) for the compound of Example 1(g). gives die tide compound. 

Example 74 

30 ' 

Preparation of 7-rf4-f aminoiminoTnethvnDh envnethvnvn-2.3.4.5-tetrahvdro-3-oxo-2-(2- 
ph<'i [iVlftthvn-lH-2- hftn7a7epine-4-acericacid 

a) ethyl 7-([(trifluoromediyl)sulfonylloxy]-2-(2-phenyl-ethyl)-3-oxo-2,3,4,5-tetrahydK)- 
35 lH-2-ben2azepine-4-aceiate 

A solution of die compound of Example 48(j) (360 mg, 1 mmol) and N,N- 
diisopiopylediylamine (1 mL) in dichloromediane (8 mL) was stirred in an ice batii and 
treated widi triflic anhydride (0.25 mL, 1.2 mmol). The mixture was stirred for 30 min. 
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and allowed to warm to RT and stinied for 4 h. The mixture was diluted with 
dichioromethane, washed sequentially with 3N hydrochloric acid, 5% sodium bicarbonate 
and brine, dried (magnesium sulfate) and concentrated. The residue was chromatographed 
(silica gel, 1% methanol/dichloromethane) to give the title compound (0.35 g, 70%) as an 
5 amber oil. MS (ES) m/e 500 [M+H]+ NMR (400 MHz, CDCI3) 5 7.2-7.1 (m, 3H). 
7.0-7.1 (m, 2H), 6.96 (s, 3H), 5.16-5.0 (d, J=17Hz, IH), 4.15 (q, 2H), 3.9 (m, IH), 
3.78-3.70 (d, J=17Hz, IH), 3.6 (m, IH), 3.0-2.9 (m, 2H), 2.8-2.7 (m. 3H), 2.4-2.3 (q, 
IH), 1.3 (t, 3H), 

10 b) ethyl 7-[(4-cyanophenyl)ethynyl]-2-(2-phenylethyl)0-oxo-2,3,4,5-tetrahydro-lH-2- 

benzazepine-4-acetate 

The compound of Example 74(a) is treated with 4-cyanophenylacetylenc [prepared 

as in Synthesis, 627 (1980)], bis(triphenylphosphine)palladium chloride, cuprous iodide 

and triethylamine in dimethylformamide and the mixture is heated and stirred. The mixture 
15 is cooled, diluted and extracted with ethyl acetate. The organic phase is washed with dilute 

hydrochloride acid and with water, dried and concentrated to give the dde compound. 

c) ethyl 7-[4-(thiocarbamoyl)phenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5-tetrahydro- 
lH-2-benzazepine-4-acetatc 

20 Using the general procedure of European Patent Application 0 502 536 Al, the 

compound of Example 74(b) in pyridinertriethylamine is treated with a stream of hydrogen 
sulfide and let stand. The mixture is concentrated to give the tide compound. , 

d) ethyl 7-[4-(methylthioimino)phenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5- 
25 tetrahy dn>- lH-2-ben2a2epine-4-acetate 

Using the general procedure of EP 502 536, the compound of Example 74(c) is 
treated widi iodomediane in acetone. The mixture is concentrated to give the tide 
compound. 

30 e) ethyl 7-[4-(aminoiminomethyl)phenyl)ethynyl]-2-(2-phenylethyl)-3-oxo-2,3,4,5- 
tetrahydro- lH-2-benzazepine-4-acetate 

Using the general procedure of EP 502 536, the compound of Example 74(d) is 
treated with ammonium acetate in methanol and^e mbcture is heated to reflux. The 
mixture is cooled and concentrated to give the tide compound. 



35 
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07-[[4-(aminoiminomethyl)phcnyl]ethynyl]-2-(2-phenylethyl)-3-oxo-23.4.5-tet^^ 

lH-2-benzazcpuie-4-acetic acid 

The ctjmpound of Example 74(e) is treated with dilute sodium hydroxide in 
methanol and then with dUute hydrochloric acid to give the dde compound. 

5 ■. 

F.xamnle75 

PT^pi,n,rinn of V-f 1 -r4-(pippra7in- 1 -yHbu t - 1 - vnvin-2-(2 - r tir P Vlf tM V3-OTO-?.3.4.g- 
fP!iTahvdro-lH-2-benzazp pinft-4-acetic acid 

10 

a) ethyl 7-[l-[4-[N-(t-butoxycarbonyl)pipeTazin-l-yl]-but-l-ynyl]]-2-(2-phcnylethyl)-3- 
oxo-2,3,4,5-tetrahydro-lH-2-benzazepinc-4-acetate 

A mixture of the compound of Example 74(a) (0.3 g, 0.7 mmol). the compound of 
Preparation 21 (190 mg. 0.8 mmol), triethylaminc (3 mL), bis(triphenylphosphine)- 

15 palladium chloride (10 mg, 0.14 mmol) and cuprous iodide (2.5 mg, 0.14 mmol) in 

aceionitrile (10 mL) was heated to reflux for 20 h. The mixture was diluted with water and 
extracted with ethyl acetate. The organic phase was dried (magnesium sulfate), 
concentrated and the residue was purified by flash chromatography (silica gel, 2% 
methanol/dlchloromediane) to yield the tide compound (90 mg, 25%). ^HNMR (400 

20 MHz, CDCI3) 5 7.15-7.26 (m. 5H), 7.10 (s. IH). 7.06 (d, J=8Hz, IH), 6.8 (d, J=8Hz, 
IH), 5.1 (d, J=17Hz, IH). 4.15 (q, 2H). 3.8 (m. 2H). 3.7 (d. J=17Hz, IH). 3.6 (m, 
IH), 3.5 (s, 4H). 3.0 (m. 2H). 2.8 (m. IH). 2.7 (t. 2H). 2.6 (m. 2H). 2.5 (s. 4H), 2.4 
(q. IH), 1.4 (s, 9H). 1.3 (t. 3H). 

25 b) ethyl 7-[l-l4-(pipcrazin-l-yl)but-l-ynyl]]-2-(2-phenylethyl)-3-oxo-2,3.4>tetrahydrp- 

lH-2-benzazepine-4-acetate 

The compound of Example 75(a) is stirred with TFA in dichloromethane. The 
mixture is washed with water, dried and concentrated to give die tide compound. 

30 c)7-[l-[4-(piperazin-l-yl)but-l-ynyl]]-2-(2-phenylethyl)-3-oxo-2.3,4,5-tetiahydro-lH-2- 

benzazepine-4-acetic acid 

The compound of Example 75(b) is stirred widi dilute aqueous sodium hydroxide 
in medianol and dien treated with dUute hydrochloric acid to give the title compound. 

35 Example 76 



Pr^pararion of fFV? 'i-iMnxo-2 ^ 4 S-Terrahvdrn-7-rf4-fniperidin-4-v])b^it-1-CnYn-lH-» 
ben2odiazep ine-4-aceric acid 
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a) ethyl 7-bromo-2,5-dioxo-2,3,4,5-tetrahydro-lH-l,4-benzodiazepine-4-acetate 

Using the general procedures of U.S Patent 3,415,814 (Examples IN and 20 
therein), except substituting 5-bronio-2-nitroben2oyl chloride [prepared as in Monatshefte 
fur Chemie, 100, 469 (1969)] for 3,4-dichloro-2-nitro-benzoyl chloride and substituting 
ethyl N-(2-ethoxy-2-oxoethyl)gIycinate (prepared as in Synthetic Communications, 22, 
1249 (1992)] for ethyl N-(5-ethoxy-5-oxopentyl)glycinaie, gives the tide compound. 

b) etiiyl7-hydroxyniethyl-2,5-dioxo-2,3,4,5-tetrahydro-lH-l,4.benzodiazepine-4-aceiate 

Using die general procedure of Chemistry Letters, 997 (1985), die compound of 
Example 76(a) is treated widi [(trimethylsilyloxy)mediyl]tributyltin to give the tide 
compound. 

c) (E)-2,5-dioxo-2,3,4,5-tetrahydro-7-[l-[4-(pipeiidin-4-yl)but-l-enyl]-lH-l,4- 

benzodiazBpine-4-acetic acid 

Using die procedures of Example 61(b)-61(e), except substituting die compound of 
Example 76(b) for die compound of Example 61(a). gives die tide compound. 

Example 77 

Prenararion of 2.5-dioxo-2-3.4.5-tetrahv drn-7-rrr2-fpineridin-4- 
vnethyntnethvlaTninolcarh nnyn- 1 H- 1 ./l.hftnrndia7eninft-4-nmDanoic acid 

a) ediyl 7-bromo-2,5-dioxo-2,3,4,5-tetrahydro-lH-l,4-bcnzodiazepine-4-propionate 

Using the general procedures of U.S. Patent 3,415.814 (Examples IN and 20 
Uierein), which is incorporated herein by reference, except substituting 5-bromo-2- 
nitrobenzoyl chloride (prepared as in Monatsheftejur Chemie, 100, 469 (1969)] for 3.4- 
dichloro-2-nitro-bcn2oyl chloride and substituting ediyl N-(3-edioxy-3- 
oxopropyl)glycinate (prepared as in Synthetic Communications, 22, 1249 (1992)] for ediyl 
N-(5-edioxy-5-oxopentyl)glycinate, gives die tide compound. 

b) etiiyl 2,5-dioxo-2,3,4,5-tetrahy ±-o-7-[[[2-(pyrid-4-yl)ediyl)mediylamino]carbonyl]- IH- 
l,4-benzodiazepine-4-propionate 

The compound of Example 77(a) is ffeated with N-methyl-2-(pyrid-4- 
yl)edianaminc, carbon monoxide and dibromobistriphenylphosphinepalladium according to 
die general procedure of J. Org. Chem., 39, 3327, (1974) to give die tide compound. 
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c) ethyl 2,5-dioxo-2,3,4.5-ietrahydro-7-[[[2-(piperi(iin-4-yJ)ethyl]rnethylamino]carbonyl]- 

lH-1 ,4-benzodiazepine-4-propionate 

The compound of Example 77(b) is dissolved in dilute hydrochloric acid and 
methanol containing platinum oxide and the mixture is shaken in a hydrogen atmosphere. 
5 The mixture is filtered and concentrated to give the dde compound. 

d) 2.5-dioxo-23,4^-tetrahydro-7.[[[2.(piperidin-4-yl)ethyl]methylamino]carbonyl]-lH- 

1 ,4-benzodiazepine-4-propanoic acid 

The compound of Example 177(c) is treated with dilute sodium hydroxide in 
10 methanol and then with dilute hydrochloric acid to give the tide compound. 

Example 78 

p^ ff pararinn nf fR.SV7-rrr7,-fpiperid in-4-vnethvn methvlaminQlcarhonYll-2.3A5- 
15 tgtrahvdro-2-meth vi-5-nxn- 1 H-2-b enzazepine-4-acetic acid 

a) methyl (R,S>7-benzyloxycarbonyl-2.3.4,5-tetrahydro-3-oxo-lH-2-benza2epine-4- 
acetate 

l-(3-Dimethylaminopn)pyl)-3-ethylcarbodiimide hydrochloride (1.19 g, 6.23 

20 mmd) was added all at once to a solution of the compound of Example 66(h) ( 1 .44 g, 
5.19 mmol), benzyl alcohol (2.7 mL, 25.95 mmol), diisopropylethylamine (1.8 mL, 
10.38 mmol), and 4-(dimethylamino)pyridine (761 mg, 6.23 mmol) in anhydrous 
dimethylformamide (26 mL) at RT. The reaction was stirred for 24 h and concentrated to 
leave a pale yellow oil. The oil was diluted with ethyl acetate (200 mL), and the cloudy 

25 mixture was washed sequentially with IN hydrochloric acid (2 x 20 mL) and water (20 
mL). The combined aqueous layers were extracted with ethyl acetate (50 mL), and the 
combined organic layers were dried (magneaum sulfate) and concentrated. 
Oiromatography (sUica gel, 5% methanol in 1:1 ethyl acetaterchlorofonn) gave the tide 
. compound (1.59 g, 83%) as a colorless, very viscous oil which could be induced to 

30 solidify on scratching and treatment with a little ethyl acetate. TLC Rf OJ52 (5% methanol 
in 1:1 ethyl acetate:chloroform); NMR (250. CDCI3) 5 7.72-7.92 (m, 2H), 7.28-7.55 
(m, 5H). 7.14 (d. J=8.3 Hz. IH). 6.76 (br t, IH). 5.35 (s. 2H). 4.85 (dd, J=16.5, 5.2 
Hz, IH). 4.12 (dd. J=16.5. 6.7 Hz. IH), 3.71 (s. 3H). 3.50-3.70 (m. IH). 3.00-3.17 
(m, 2H), 2.96 (dd, J=16.9, 7.4 Hz, IH), 2.50 (dd, J=16.9, 6.1 Hz, IH); IR (CHCI3) 

35 3410. 1718. 1677. 1274 cm* 1 ; MS(ES) m/e 390.2 [M+Nal+, 268.2 [M+H1+. 
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b) methyl (R,S)-7-benzyloxycarbonyl-23.4,5-tetrahydro-2-methyl-3-oxo-lH-2- 
benzazepine-4-acetate 

The compound of Example 78(a) (220.4 mg, 0.60 mmol) was suspended in 
toluene (5-10 mL), and the mixture was carefully concentrated to remove water and 

5 residual solvents. The resulting solid was dissolved in dry 1 : 1 THF:DMF (12 mL), and 
iodomethane (0.19 mJL, 3.0 mmol) was added. Sodium hydride (60% in mineral oil, 29 
mg, 0.72 mmol) was added, causing gas evolution and slight wanning. After 15 min, the 
reaction was cooled to 0**C and quenched with saturated aqueous ammonium chloride (2 
mL). The mixture was diluted with ether (50 mL) and washed with water. The combined 

10 aqueous layers were extracted with ether, and the combined organic layers were dried 
(magnesium sulfate) and concentrated. Chromatography (silica gel, 1:1 ethyl 
acetatenoluene) gave the title compound (229.2 mg, 100%) as a colorless oil. TLC Rf 
0.66 (silica gel, ethyl acetate); NMR (400, CDCI3) 5 7.77-7.87 (m, 2H), 7.31-7.47 
(m. 5H), 7.16 (d, J=8.4 Hz, IH). 5.27-5.38 (m, 3H), 3.90 (d, J=16.7 Hz, IH), 3.77- 

15 3.90 (m, IH), 3.71 (s, 3H), 3.11 (dd, J=17.4, 4.2 Hz, IH), 3.04 (s, 3H), 2.91-3.07 (m, 
2H). 2.43 (dd, J=16.7, 5.4 Hz, IH); IR (CCI4) 1724, 1666, 1273 cm'l; MS(ES) m/e 
. 382.0 [M + H]+ 

c) methyl (R,S)-7-carboxy-2,3,4.5-tetrahydro-2-methyl-3-oxo-lH-2-benzazepine-4- 
20 acetate 

10% Palladium-on-carbon (64 mg, 0.06 mmol) was added carefully to a solution 
of the compound of Example 78(b) (229.2 mg, 0.60 mmol) in methanol (12 mL). The 
mixture was purged with hydrogen and stirred briskly at RT under hydrogen (balloon 
pressure). After 15 h, the mixture was filtered through Cclite®, and the filtrate was 

25 concentrated to affonl the title compound (162.7 mg, 93%) as a colorless solid which was 
used without further purification: ^H NMR (250, CD3OD) 5 7.65-7.85 (m, 2H), 7.28 (d, 
J=7.7 Hz, IH), 5.38 (d, J=16.6 Hz, 2H), 4.11 (d, J=16.6 Hz, IH), 3.85-4.01 (m. IH), 
3.68 (s, 3H), 3.17 (dd, J=17.1, 4.3 Hz. IH), 3.01 (s, 3H), 2.75-2.95 (m, 2H), 2.51 
(dd, J=16.9. 4.7 Hz, IH); MS(ES) m/e 605.2 [2M + Nal+, 314.0 [M + Nal+. 292.0 [M 

30 +H]+ 

d) Methyl (R.S)-7-[[[2-(pyTid-4-yl)ethyllmcthylamino] carbonyl]-2,3,4,5-tetrahydro-2- 
methyl-3-oxo-lH-2-benzazepine-4-acetate 

Using the procedure of Example 66(i), except substituting the compound of 
35 Example 78(c) for the compound of Example 66(h), gave the title compound (221 .3 mg, 
97%) as a faintly yellow, very viscous oil: TLC Rf 0.37 (10% methanol in 1:1 ethyl 
acetate:chloroform); ^H NMR (400MHz, CDCI3) rotameric mixture; 5 8.42-8.62 (m. 
2H), 6.70-7.40 (m, 5H), 5.30 (d, J=16.7 Hz, IH), 3.46-3.92 (m, 4H), 3.72 (s, 3H), 
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. 2.73-3.22 (in. 8H), 3.04 (s, 3H). 2.43 (dd, J=16.7. 5.5 Hz. IH); IR (CHCI3) 1730. 
1643 cm-1; MS(ES)m/e 410.0 [M+H]+ 

e) Methyl (R,S)-7-n[2-(piperidin-4-yl)ethyl]methylaminol carbonyl]-2,3.4^-tetrahydro-2- 
5 . mcthyl-3-oxo-lH-2-benzazepine-4-acetate 

Using the procedure of Example 66(j), except substituting the compound of 
Example 78(d) for the compound of Example 66(i) gave the tide compound: NMR (250 
MHz. CD3OD) 5 7.05-7.45 (m, 3H), 5.36 (d, J=16.6 Hz, IH). 4.10 (d, J=16.6 Hz, 
IH). 3.84-4.03 (m. IH), 3.67 (s. 3H), 2.65-3.77 (m. .l2H), 3.00 (s. 3H). 2.42-2.60 (m. 
10 IH). 1.89-2.18 (m, IH). 1.15-1.80 (m. 6H). 

f) (R,S)-7-[[[2-(Piperidin-4-yl)ethyI]methylamino]carbonyl]-2,3.4.5-tetrahydrD-2-methyl- 

3-oxo-lH-2-benzazepine-4-acetic acid 

Using the procedure of Example 66(k), except substituting the compound of 
15 Example 78(e) for the compound of Example 66(j) gave the title compound. HPLC 

k'=2.11 (PRP-1®; 15% AN/W-TFA) ; 

NMR (400 MHz. DMS0-d6) rotameric mixture 5 8.44-8.63 (m, IH), 8.11-8.37 (m. 

IH). 7.27 (d. J=7.6 Hz, IH). 7.07-7.17 (m, 2H), 5.26 (d, J=16.5 Hz, IH), 4.04 (d. 

J=16.5 Hz. IH). 3.71-3.82 (m. IH), 3.00-3.52 (m, 5H), 2.60-2.99 (m. lOH). 2.35 (dd. 
20 J=16.8, 4.6 Hz. IH), 1.80-1.93 (m, IH), 1.01-1.63 (m, 6H); MS(ES) m/e 402.2 [M -i- 

H]+; Anal. (C22H31N3O4 I.75 (CF3CO2H)] calcd: C. 50.96; H. 5.49; N. 6.99; found: 

C, 51.14; H, 5.54; N, 7.00. 

Example 79 

25 

Pn.pararinn nf rR.sv7-r rr4.aminomethvl phenvllmethvlaminol caTbpnYn-2. 3,4,5- 
tfttrahvrim.3-ox fv2-r2-phenvlf-thvn-lH.2-ben7.a2eoine-4-aceticacid 

a) methyl (R,S)-7-[[[4-cyanophenyl]methylamino]carbonyl]-2.3.4,5-tetrahydro-3-oxo-2- 
30 (2-phenylethyl)-lH-2-benzazepine-4-acetate 

Using the procedure of Example 59(a). except substituting the compound of 
Example 1(h) for methyl (R.S)-8-carboxy-2.3,4,5-tctrahydro-3-oxo-4-(2-phenylethyl)- 
lH-l,4-benzodiazepine-2-acetate gave the tide compound (0,44 g. 89%) as a white solid. 
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b) methyl (R.S)-7-[[[4-aminomethylphenyl]methylaininol carbonyl]-2,3A5-tetrahydro-3- 
oxo-2-(2-phenylethyl)- 1 H-2-ben2azepine-4-acetate 

Using the procedure of Example 59(b), except substituting the compound of 
Example 79(a) for the compound of Example 59(a), gave the crude compound (0.29 g) 
5 which was used without further purification. 

c) (R,S)-7-[[[4-aminomethyl phenyl]methylamino]carbonyl]-2,3,4.5-teirahydro-3-oxo-2- 
(2-phenylethyl)- lH-2-ben2azepine-4-acedc acid 

Using the procedure of Example 57(d), except subsdtudng the compound of 
10 Example 79(b) for the compound of Example 57(c), gave the Utle compound. MS(ES) m/e 
484.0 [M-H]+, 486.2 [M+H]+; Anal. (C29H31N3O4 l.5C2HF3O2 O.5H2O) calcd: C, 

57.74; H, 5.07; N, 6.31. found: C, 57.67; H, 5.21; N, 6.59. 



15 



pxampte 8Q 

Preparation of fR.SV8-rrr4-fN.N-dimethvlaminomethvnphcnvn amino1carfaon vn-2.3.4.5- 
tetrahvdrp-3-oxo-4-f2-phenvlethvlVlH>1.4-b cnzodiazepine-2-acetic acid 

a) methyl (R,S)-8-[[[4-(N,N-dimethylaminomethyl)phenyl]-amino]carbonyl]-2,3,4,5- 
20 tetrahydro-3-oxo-4-(2-phenylethyl)- lH-1 ,4-benzodia2epine-2-acetate 

Using the procedure of Example 1(h), except substituting mediyl (R,S)-8-carboxy- 
23,4.5-tetrahydrc>-3-oxo-4-(2-phenylcthyl)-lH-l,4-benzodiazcpine-2-acetate for the 
compound of Example 1(g) and substituting the compound of Preparation 21(b) for4- 
(methylamino)-(N-benzyloxycarbonyI)-bcnzamidine gave the title compound, 

25 

b) (R,S)-8-[t[4-(N,N-dimethylaminomethyl)phenyl]-amino]carbonyl]-2,3»4^-tetrahydro- 
3-oxo-4-(2-phenylethyl)- IH- 1 ,4-benzodia2epine-2-acetic acid 

Using the procedure of Example l(j), except substimting the compound of 
Example 80(a) for the compound of Example l(i), gave die tide compound (154 mg, 25%) 
30 as a pale yellow solid, NMR (400 MHz. DMSO-d6) 5 7.85 (d. 2H), 7.4 (2H). 7.35 
(d. 2H), 7.2-7.0 (m, 6H). 6.1 (m. IH), 5.45 (d. IH), 5.05 (m, IH), 4.25 (s, 2H), 4.05 
(d, IH), 3.6 (m, 2H), 2.8 (dd, IH), 2.75 (s, 6H), 2.7 (m, 2H). 2.6 (dd, IH). 



35 



Examplggl 

Preparation of n^.SV7-rf4.4'-bipiperidin-l-vncarbonvl1-2.3.4.5-tetrahvdro>3-oxo-4- 
fphenvlethvl VIH-1 ■4-benzodia2epine-2-aceric acid 
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a) methyl Ol,S)-7-[r-(l-butoxycarbonyl)-4,4*-bipiperidin-l-yl]carbonyl]-2,3,4,5- 
tetrahydro-3-oxo-4-(phenylethyl)-lH- 1 ,4-benzodiazepine-2-aceiate 

Using the procedure of Example 32(a), except substituting (R,S)-7-carboxy- 
2,3,4,5-tetrahydro-3-pxo-4-(phenylethyl)-lH- 1 ,4-benzodiazepine-2-acetate for (R,S)-8- 
5 carboxy-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-lH-l ,4-benzodiazepine-2-acetate and 
substituting the compound of Preparation 22 for N-methyl-2-(4-pyridyl)-ethanamine and 
deleting triethylamine gave the title compound (0.43g, 68%): MS(ES) m/e 633.2 [M+H]+ 

b) methyl (R,S)-7-[(4,4-bipiperidin-l-yl]carbonyI]-2,3,4,5-tetrahydro-3-oxo-4- 
10 (phenylethyl)- IH- 1 ,4-benzodiazepine-2-acetate 

Using the procedure of Example 13(b), except substituting the compound of 
Example 81(a) for the compound of Example 13(a), gave the tide compound (0.27g, 
75%): MS(ES) m/e 533.2 tM+H]+; HPLC k'=9,4 (Vydac CI 8, 4.6 x 250 mm, 1.5 
mL/min, gradient A:acetonitrile B:water-0-l% TFA, 5-50% acetonitrile during 20 min, UV 
15 detection at 254 nm), 

c) (R,S)-7-[(4,4'-bipiperidin-l -yI)carbonyll-2,3,4,5-tetrahydro-3-oxo-4-(phenyIetilyl)- 
lH- 1 ,4-benzodiazepine-2-acetic acid 

The compound of Example 81(b) (0.2 g, 0.3 mmol) was suspended in acetone (2 
20 mL) and treated lithium hydroxide hydrate (25 mg) in water (2 mL). The mixture was 
stirred overnight, treated with methanol and additional lithium hydroxide hydrate (5,5 mg) 
was added in two portions over 9 h. The mixture was concentrated and the aqueous 
residue was neutralized with N hydrochloric acid and concentrated. The residue was 
placed in the refrigerator overnight and filtered. The filter cake was washed with cold 
25 water, acetone and ether to yield the tide compound (0.07 g). MS(ES) m/e 5 19.2 [M+H1+; 
HPLC k =7.9 (Vydac ODS, 4.6 x 250 mm, 1.5 mL/min, gradient A:acetonitrile Brwater- 
0.1% TFA, 5-50% A during 20 min, UV detection at 254 nm); NMR (400 MHz, 
CD3OD) 5 7.2 (t, 2H), 7.14 (d. 3H), 7.10 (d, IH), 7.08 (d. IH), 7.04 (s, IH), 6.59 (d, 

IH). 5.46 (d. IH). 5.15 (q. IH), 3.87 (d. IH), 3.76 ( m, IH), 3.63 (m, IH), 3.38 (d, 
30 2H), 2.93 (dd. 4 H), 2.77 (t. 2H), 2.63 (dd, IH), 1.93 (m, 2H) 1.45( bs, 2H), 1.23 (m, 
4H), 1.23 (m, 2H). 

35 Preparatinnof7.r:^.rpiDera zin-l-vnpropvloxvV2-f2-phenvlethvn-3-oxo-23>dihvdr^^ 
2-benza2epine-4'aceDc acid 



a) ediyl 7-methoxy-3-oxo-2,3-dihydro-2-(2-phenylethyl)-lH-2-benza2epine-4-acetate 
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A solution of the compound of Example 48(h) (2.6 g, 6.8 mmol) in methanol (120 
mL) was treated with 25% sodium methoxide/meihanol solution (14.1 mL, 68 mmol) and 
heated to reflux for 2.5 h. The mixmne was quenched with ice-water (300 mL), acidified 
with 3N hydrochloric acid, extracted with ethyl acetate, dried and concentrated to give the 

5 acid. MS(ES) m/e 352 [M+H]"*". The residue was dissolved in ethanol (75 mL) and heated 
to reflux in the presence of 4M hydrogen chloride/dioxane (2 mL) for 2 h and concentrated 
to give the tide compound (2.5 g, 97%). NMR (400 MHz, CDCI3) 5 7.18-7.26 (m, 
5H), 7.08 (d J=7.95 Hz, IH), 6.89 (s IH), 6.82 (m. 2H), 4.18 (m, 4H), 3.81 (s, 3H), 
3.80 (t, J=5.57, 2H). 3.71 (t, J=5.57 Hz, 3H). 2.85 (t, J=7.62 Hz, 2H), L28 (t, J=6.5 

10 Hz, 3H). 

b) ethyl 7-hydroxy-2-3-oxo-(2-phenylethyl)-2,3-dihydro-lH-2-benzazepine-4-acetate 

To a solution of the compound of Example 82(a) (2.67 g, 7,0 mmol) and 
ethanethiol (2.6 mL, 35 mmol) in dichloromethane (50 mL) at O^C was added aluminum 

15 chloride (4.6 g, 35 mmol). The mixture was warmed to RT over 1 h, diluted with 
dichloromethane (100 mL), washed with cold 3N hydrochloric acid, dried (sodium 
sulfate), and concentrated to give the title compound (2.4 g, 93%), MS(ES) m/e 366.0 
[M+H]+; iH NMR (400 MHz. CDCI3) 5 7.17-7.26 (m, 5H), 7.02 (d J=8.16 Hz, IH). 
6.78 (s IH), 6.75 (m. IH), 6.67 (d, J=2.4, IH). 4.18 (q. J=7.16, 2H), 3.71 (t, J=5.57 

20 Hz, 4H). 2.85 (t, J-7.58 Hz, 4H), 1.26 (t, J=7.16 Hz. 3H). 

c) ethyl 7-[3-[(4-t-butyloxycarbonyl)piperazin- l-yl]propyloxy]-3-oxo-2-(2-phenylethyl)- 
2,3-dihydro-lH-2-benzazepinc-4-acetate 

A mixnire of the compound of Example 82b) (1.28 g, 3.5 mmol) and 3-[(4-t- 
25 butyloxycarbonyl)piperazin- l-yl]propyl chloride (1 .3 g, 5 mmol), potassium carbonate 
(0.58 g, 4.2 mmol),and tetraethylammonium iodide (20 mg) in dimethylformamidc (15 
mL) was heated at 90**C for 2 h. The reaction mixture was quenched with ice-water, 
extracted with ethyl acetate, dried (sodium sulfate), filtered and concentrated to give the 
tide compound (1.5 g, 75%). MS(ES) m/e 592.0 [M+H]+; ^H NMR (400 MHz, CDCI3) 
30 5 7.2-7.26 (m, 5H), 7.02 (d J=8.16 Hz, IH), 6.83 (s. IH), 6.81 (d, J=2.4, IH), 4.19 
(m, 4H). 4.0 (m, 2H). 3.70 (m. 4H), 3.46 (bs. 4H), 2.84 (t, J=7.56 Hz, 2H). 2.52 (t, 
J=7.1 Hz, 2H), L96 (m, 2H), L45 (s, 9H), L28 (t, J=7,23 Hz, 3H). 

d) 7-[3-(l.piperazinyl)propyloxy]-2-(2-phenylethyl)-3-oxo-2,3-dihydro-lH-2- 

35 benzazepine-4-acetic acid 

A mixture of the compound of Example 82(c) (0.7 g, 1.2 mmol) was dissolved in 
IN sodium hydroxide solution (12 mL) and methanol (35 mL). After stirring at RT for 4 
h, the reaction mixture was quenched with ice-water, acidified with IN hydrochloric acid. 
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extracted with ethyl acetate, dried (sodium sulfate), filtered and concentrated to give the N- 
Boc acid (0.42 g, 63%; MS(ES) m/e 564.2 [M+H]+), which was stirred in 4N hydrogen 
chloride/dioxane solution (4 mL) and methylene chloride (30 mL) for 18 h. The mixture 
was evaporated to give the title compound (0.39 g, 97%). MS (ES) m/e 464.2 [M+H]+; 
5 iH NMR (400 MHz, CDCI3) 5 7.16-7.83 (m. 6H), 7.06 (s. IH) 6.94 (m, 2H), 4.15 (m, 
2H), 3.65 (m, 14H), 3.47 (m, 2H), 2.82 (m, 2H), 2.32 (m, 2H). 

Example 83 

10 Preparation or 74V(ninera7in-l-vnproDvloxv1-2-(2-phenvlethvlV3-OXO-2,3.4> 
tetrahvdrD-lH-2>benza2c pin&>4-aceric acid 

A solution of the compound of Example 82(d) (0.0 1 g, 0.02 mmol) in methanol 
(15 mL) is treated with palladium hydroxide (0.05 mg) and hydrogcnated (50 psi) for 4 h 
to give the tide compound. 

15 

gxamplg? g4-8g 

Using routine variations of the procedures disclosed above for preparing 2,3,4^- 
tetrahydrD-3-oxo-lH-l,4-benza2epines, the following compounds were prepared. 

84. 8-[[[2-(pyridin-4-yl)-ethcnyl]carbonyl]amino3-2,3,4,5-tetrahydro-3-oxo-4-(2- 
20 phenylethyl)- IH- 1 ,4-ben2odia2epine-2-acetic acid; 

85. 8-[[[2-(2-amino-pyridin-4-yl)-ethyl]methylamino] carbonyl]-2,3,4,5-tetrahydro-3- 
oxo-4-(2-phenylethyl)- 1 H- 1 .4«bcn20diazepine-2-acetic acid; 

86. 8-[[(quinuclidin-3-yl)amino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylethyl)- IH- 1 ,4-ben20diazepine-2-acetic acid; and 

25 87. 8-[2-[4-(aminomethyl)phenyl]ethyl]-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)- 

lH-l,4-benzodiazepine-2-acetic acid. 

88. 8-[[[[3-(2-methyl)pyrid-2-yl]propyllmethylamino] carbonyl]-2,3,4,5-tetrahydn)-3- 
oxch4-(2-phenylethyl)-lH-1.4-benzodia2epine-2-aceticacid. 

30 Example 89 

Parenteral Dn 5;ape Unit Composition 

A preparation which contains 20 mg of the compound of Example 10 as a sterile 
dry powder is prepared as follows: 20 mg of die compound is dissolved in .15 mL of 
35 distilled water. The solution is filtered under sterile conditions into a 25 mL multi-dose 
ampoule and lyophilized. The powder is reconstituted by addition of 20 mL of 5% 
dextrose in water (D5W) for intravenous or intramuscular injection. The dosage is thereby 
detennined by the injection volume. Subsequent dilution may be made by addition of a 
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metered volume of this dosage unit to another volume of D5W for injection, or a metered 
dose may be added to another mechanism for dispensing the drug, as in a bottle or bag for 
IV drip infusion or other injection-infusion system. 

5 Example 90 



Oral DQsage Unit Cpmposiiion 

A capsule for oral administratioh is prepared by mixing and milling SO mg of the 
compound of Example 34 with 75 mg of lactose and 5 mg of magnesium stearate. The 
10 resulting powder is screened and filled into a hard gelatin capsule. 



Example 91 



Oral Dosage Unit Composition 

15 A tablet for oral administration is prepared by mixing and granulating 20 mg of 

sucrose, 150 mg of calcium sulfate dihydrate and 50 mg of the compound of Example 34 
witii a 10% gelatin solution. The wet granules are screened, dried, mixed widi 10 mg 
starch, 5 mg talc and 3 mg stearic acid; and compressed into a tablet 

The foregoing is illustrative of the making and using of this invention. This 

20 invention, however, is not limited to the precise embodiments described herein, but 
encompasses all modifications wi'hin the scope of the claims which follow. 
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Claims: 

1 . A compound of the formula (I): 



R5 




0) 

wherein 

AlisO.S.N-RlorCHRl; 
A4isN-R4orCHR4; 

R2 is R7 or Q-CMalkyl, Q-C2^alkenyl or Q-C2^alkynyl substituted by R^; 
Rl, r4 and R5 are H, Q-Ci-ealkyl, Q-Ci.60xoalkyl. Q-C2-6alkenyl. 
Q-C3.40xoalkenyl. Q-Cs^oxoalkynyl, Q.C2^alkynyl, Cs-gcycloalkyl. Ar or Het, 

optionally substituted by one or more ofR"; 
Q is H, Cs^cloalkyl, Het or At, 
R6 is W-(CR*2)q-Z-(CR'R»0)r-U-(CR'2)s-V-: 

R7 is -C0R8, -C0CR*2R9, -C(S)R8. -S(0)mOR'. -SCOmNR-R". -PO(OR'). 
-P0(0R')2. -B(OR')2, -NO2 and Tet; 

R8 is -OR', -NR'R". -NR'S02R'. -NR'OR'. -0CR'2C(0)0R', .0CR'20C(0)-R*, 
-OCR'2C(0)NR'2. CF3 or AA; 

r9 is -OR, -CN, -S(p\K\ S(0)n,NR'2, -C(0)R C(0)NR'2 or -COzR*; 

RlO is H, CMalkyl or -NR'R"; 

R" is H. halo, -OR12, -CN, -NR'Rl2 .NO2, -O^, CFjSCO),., -CO2R', -CONR'2, 
Q-Co-ealkyl-, Q-Ci.60xoalkyl-, Q-C^ealkenyl-, Q-C2.6alkynyl-, Q-Qj-ealkyloxy-. 
Q-Co-ealkylamino- or Q-Co.6alkyl-S(0)r.; 

Rl2 is R*. -C(0)R'. -C(0)NR'2, -C(0)0Rl5, -S(0)mR' or S(0)mNR'2; 

Ri5 is H, Ci^alkyl or Ar-CjHalkyl; 

R' is H, Ci^alkyl, C3.7cycloalkyl-Cb-4alkyl or Ar-C(Malkyl; 

R" is R', -C(0)R' or -C(0)ORl5; 

R-isR" orAA2; 

AAl is an amino acid attached through its amino group and having its carboxyl 
group opdonally protected, and AA2 is an amino acid attached duDugh its carboxyl 
group, and having its amino group optionally protected; 

U and V are absent or CO, CR"2. C(=CR'2), S(0)n, O, NR", CR'OR", 
CR(OR")CR'2, CR'2CR'(0R"), C(0)CR'2, CR'2C(0), CONR', NR'CO. 0C(0), C(0)0, 
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C(S)0, OC(S). C(S)NR', NR'C(S), S(0)nNR'. NR*S(0)n, N=N, NR'NR\ NR'CR2, 
CR 2NR*, CR 2O, OCR 2. C=C or CR*=CR, provided that U and V arc not 
simultaneously absent; . 

Wis RR"'N-, orC^); 
5 Zis(CH2)tOrHet; 
m is 1 or 2; 
n is 0 to 3; 
q is 0 to 3; 
ris0to2; 
10 s is 0 to 2; and 

t is 0 to 2; or 
a pharmaceudcally acceptable salt thereof. 

2, A compound according to claim 1 wherein: 

15 R^ and R^ are H, Cj^alkyl, Ar-Ci^alkyl or C3.5cycloalkyl-Ci^alkyl; 
R2is CH2C02R*; 
R5is H; 

(CR'RlO)^.U-(CR2)s-V is (CH2)o.2NRCO, (CH2)o.2CONR\ (CH2)o-2CO, 
(CH2)o-2CH=CH. (CH2)o.2 C5C , (CH2)i.30 or (012)1.5; 

20 Wis 

0 

; and 

Z is piperidinyl, piperazinyl or (CH2)f 

3. A compound of formula (n): 




25 (H) 

wherein Rl, R^, R"*, R5 and R^^ are as defined in claim 1, 

R6 is W-(CR 2)q-Z-(CR*RlOVU-(CR'2)s-V-, where U, V and K are as defined 
claim 1; 

RlO is CMalkyl or -NR'R"; 

30 W is R2N. H2NC(=NH), H2NC(=NH)NH or W ; and 

Z is At, C3-7cycloalkyU (CH2)t or Het; or 
a pharmaceudcally acceptable salt thereof. 
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4. A compound according to claim 3 wherein: 
Rl is H. CMalkyl or C(0)R': 

R2 is CH2CX)2H or CH2CH2CO2H, 
5 R'* is H, Ci^lkyl, C3^cycloalkylQ)-4alkyl or Ar-QMalkyl; and 
Z is phenyl, a six-membeied Het or (CH2)t. 

5. A compound according to any one of claims 1-4 wherein R^ is : 

^^>(CH2)2-U ^.^(CH2)2-U R^y-^tCHah-U 

R"-N^ R"-N^ 

10 



15 



.-CO 



^-^ , or R"HN-(CH2)5-U wherein E is N or CH, R20 is hydrogen, amino, 

mono or di-Ci^alkylamino, hydroxy or CMalkyl, and U is NR'CO, CONR', (CH2)CO. 
CH=CH. CSC , CH2O, OCH2 and (012)2- 

6. A compound of the formula (III): 




an) 

20 wherein R^, r5, r1 1 and R" are as defined in claim 1, and.R^ is 

^g^(CH2)2-U ^?^{CH2)2-U R!^^x^(CH2)2-U 



or 
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^■""^ , wherein E is N or CH, R20 is hydrogen, amino, mono or di- 

Ci^alkylamino. hydroxy or Ci^alkyl, and U is NR'CO, CONR', (CH2)Cp, CH=CH or 
CSC. 

5 7. A compound according to any one of claims 1 to 6 wherein is: 

a(CH2)2NR'CO ^/-s^x-Nx'^^ R^°Ny^^(CH2)2NR'CO 

I » » 

(CH2)2NR'CO ^,^>s^ (CH2)2NR'CO ^^..^{CH^^C^C 



10 



15 



R"N^^ R"N^ R"N>^ 



jX^'CO i^N-CO 



(CH2)4- 

, or 

^(CH2)3-0 



R"N ^ 

^^""^^ wherein R' and R" are H or Ci^alkyl, and R20 is hydrogen, amino, 

mono or di-Ci^alkylamino, hydroxy or Ci^alkyl. 



a(CH2)2NR'CO 



.(CH2)2NR'CO 



8. A compound which is: 

(R,S)-8-[[[4-(aminoiminomethyl)phenyl]amino]-carbonyl]-23,4,5-tetrahydro-4- 
(2-phenylethyl)- IH- 1 .4-benzodiazepinc-2-aceric acid; 
20 (R,S)-7-[[4-(aminoiminomethyl)benzoyl]-methylamino]-2.3,4,5-tetrahydro- 
l-methyl-3-oxo-4-(2-phenyleihyl)-lH-l,4-benzodia2epine-2 acetic acid; 

(R,S)-2.3.4,5-tetrahydro-3-oxo-4-(2-phenyleihyl)-8-[[[2-(4- 
pyridyl)ethyl]amino]carbonyl]- IH: 1 ,4-benzodiazepine-2-acetic acid; 



wo 94/14776 



-130- 



PCT/US93/12436 



(R,S)-2,3.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(2- 
pyriciyl)ethyI]amino]carbonyl]- IH- 1 ,4-benzodiazepine-2-acetic acid; 

(R,S)-8-[[(5-aminopentyl)ainino]carbonyl]-2,3,4,5-tetrahydro-3-oxo-4-(2- 

phenylethyl)-lH-l,4-benzodia2epirie-2-aceticacid; 
5 (R,S)-8-[[[4-(propyl)aminoraethyl)phenyl]amino]carbonyl]-2,3,4,5-tctrahydro-3- 

oxo-4-(2-phenylethyl)-lH-l,4-benzodiazcpine-2-acetic acid; 

(R,S)-8-[[[[3-(aminomethyl)phenyl]methyl]amino]-carbonyl]-2,3,4,5-tetrahydro- 

3- oxQ-4-(2-phenylcthyl)-lH-l,4-benzodiazepine-2-acctic acid; 

(R,S)-8-[[[3-[4-piperidinyl]propyl]ainino]carbonyl]-2,3,4.5-tetrahydro-3-oxo-4- 

10 (2-phenyletiiyl)-lH-l,4-benzodiazepine-2-aceticacid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[4- 
(pyridyl)methyl]amino]carbonyl]- lH-1 .4-bcnzodiazcpine-2-aceric acid; 

(R,S)-2.3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[4-(3- 
pyridyl)butyl]methylainino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid; 
15 (R.S)-2,3,4,5-tetrahydro-8-[t[2-(lH-imida2ol-l-yl)ethyl]amino3carbonyl]-3- 
oxo-4-(2-phenylcthyl)-lH-1.4-benzodiazepine-2-aceticacid; 

(R,S)-2,3 A5-tetrahydro-8-[[[3-(lH-imidazoi- l-yl)propyllamino]carbonyl>3- 
ox6-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

(R,S)-8-[[[6-aininohexyl]amino]carbonyl]-2.3,4^-ietrahydiD-3-oxt>-4-(2- 

20 phenylethyl)-lH-l,4-benzodiazcpine-2-acetic acid; 

(R,S)-8-[[[6-aminobutyllamino]carbonyl]-2,3,4,5-tetrahydio-3-oxo-4-(2- 

phenylethyl)-lH-l,4-benzodiazepinc-2-acetic acid; 

(R.S)-2,3,4,5-tetrahydro-8-[[[2-(lH-iinidazoI-4-yl)ethyl]amino]carbonyl]-3-oxo- 

4- (2-phenylethyl)-lH-l,4-bcnzodiazepine-2-acetic acid; 

25 (R,S)-2,3,4,5-tetrahydro-8-[[[2-(l-methyl-lH-iinidazol-5- 

yl)ethyl]aininolcarbonyl]-3-oxo-4-(2-phcnylethyl)-lH-l,4-benzodiazepine-2-aceticacid; 
(R,S)-7-[[[4-(aminomethyl)phenyl)carbonyl]-amino]-23,4^-tetrahydro-l-niethyl- 

3-oxo-4-(2-phenyIediyl)-lH-l,4-benzodiazepine-2-acericacid; 

(R,S)-8-[[[2-(4-pyridyl)ethyl]methyl-amino]carbonyl]-2^.4^-tetrahydio-3-oxo-4- 

30 (2-phenylethyl)-lH-l,4-bcnzodiazepine-2-acetic acid; 

(R,S)-8-[[2-[4-[l-(methyl)pyridinium]-ethyl]methylamino]carbonyl]-4-(2- 
phenylethyl)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenyIediyl)-lH-l,4-benzodiazepine-2- 

acetate Iodide; 

(R,S)-2,3,4,5-tetTahydro-3-oxo-4-[2-(cyclohexyl)ethyll-8-I[[2-(l-inethyl-4- 
35 piperidinyl)ethyI]methylaniino]carbonyl]-lH-l,4-benzodiazepine-2-acedc acid; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[(2-(l-methyl-4- 
piperidinyI)ethyl]methyIamino]carbonyl]- IH- 1 ,4-benzodiazepinc-2-acetic acid; 
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[S-(R,S)]-8-[[[4-[N-(alanyl)aniinomethyl] phenyl]aniino]carbonyl]-2,3,4,5- 
tctrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

8-[[4-(aiTiinoiminomethyl)benzoyl]amino]-4,5-dihydro-2-meihyl-3-oxo-4- 
(2-pheny lethy 1)-3H- 1 ,4-benzocliazepine; 
5 (R,S)-8-[[[4-(aminoiminomethyl)phenyl]methylamino]carbonyl]-2,3»4,5- 
teirahydro-2-methyl-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine; 

ethyl (R,S)-8-[[[[4-(aminoiminomethyl)phenyl]-methylamino]carbonyl]-2,3A5- 
tetrahydro-3-oxo-4-(2-phenylethyl)-lH- 1 ,4-benzodiazepine-2-acetatc; 

(R,S>[I8-[4-(anunoiminomethyl)phenyll-methylamino]caibonyl]-2,3A5- 
10 tetrahydro-3-ox<>4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetamid^ 

(R»S>8-[[[4-(aminoiminomethyl)phcnyl]-incthylainino]carbonyll-2,3,4,5- 
tetrahydro-3-oxo-4-(2-phenylethyl)-lH- 1 ,'4-benzodiazepinc-2-cthanol; 

(R,S>8-[2-[4-(aminomethyl)phenyl]ethyl]-23,4,5-tetrahydro-3-oxo-4^ 
phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 
15 7-[3-(4-pyridyl)propyioxy]-2-(2-phcnylethyl)-3-oxo-2,3,4,5-tetrahydro-lH^ 
benzazepine-4-acetic acid; 

7- [3-(4-piperidinyl)propyloxy]-2-(2-phenylethyl>3-oxo-23.4»5-tetrahyd^ 
benzazepine-4-acetic acid; 

(R,S>8-I[[3-(aminomethyl)phenyl]amino]-carbonyl]-23.4,5-tetrahydro-3- 
20 (2-phenylethyl)-lH- 1 »4-benzodia2epine-2-acetic acid; 

8- [l-[4-(4-pyridyi)pipcrazinyl]carbonyl]-2,3,4^-tetrahydro-3-oxo-4-(2- 
phenylethyl>lH*l»4-beiizodiazepine-2-acetic acid; 

(R,S)-8-t[[4-(aminomethyl)-3-chloro-phenyl]carbonyl]amino]-23.4^-tetr^^ 
3-oxo-4-(2-phenylethyl)- IH- 1 ,4-benzodiazepine-2-acedc acid; 
25 2-[3-(4-piperidinyl)pn)pyloxy]r7K)xo-6J,8,9-tetrahydro-5H-ben2TC 
6^acedc acid; 

3-[3-(4-piperidinyl)propyloxy]-7-oxo-6,7,8,9-tetrahydro-5H-benzocyclohepiene- 
6-acetic acid; or 

(R»S)-8-[[[2-[4-(2-aminopyridyl)]ethyl]-amino]carbonyl]-23t4,5--tetrahydro-3- 
3 0 oxo-4-(2-phenylcthyl)- IH- 1 ,4-bp . izodiazepine-2-acetic acid. 

9. A compound which is: 

(R,S)-8-[[[4-(aininoiminomeihyl)phenyl]-methylamino]carbonyl]-2,3,4,5- 
tetrahydro-l-methyl-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodia2epinc-2-acctic acid; 
3 5 (R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(l - 

piperazinyl)ethyIlaniino]carbonyl]-lH-l,4-benzodiazepine-2-acedc acid ; 

(R,S)-2,3A5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4- 
piperidinyl)ethyI]ainino]carbonyI]-lH-l,4-benzodiazepine-2-acedc acid ; 
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(R.S)-7-[[I4-(aminoiminomcthyI)phenyl]-methylamino]carbonyl]-2,3,4,5- 
tetrahydro-3-oxo-2-(2-phenyleihyl)-lH-2-benza2epine-4-acetic acid; 

(R,S)-8-l[[(4-aminoiminomethyl)phenyl]-meihylamino]carbonyl]-23,4 
tetrahydro-3-oxo- IH- 1 ,4-ben2odiazepine-2-aceiic acid; 
5 (R,S)-8-[[[4-(aminoiminoinethyl)phenyl]inethyIamino]carbonyl]-2,3,4,5- 
tetrahydro-4-methyl-3-oxo-lH-l,4-bcnzodiazepine-2-acetic acid ; 

(R,S)-2,3,4,5-tetrahydro3-oxo-4-(2-phenylethyI)-8-[[[2-(l- 
piperazinyl)ethyl]methylamino]carbonyl]- lH-1 ,4-benzodiazepine-2-acetic acid ; 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[[[2-(4- 
1 0 piperidiny I)ethyl]methylainino]carbonyl]- IH- 1 ,4-benzodiazepine-2-acctic acid ; or 

(R,S)-2,3,4,5-tetrahydro-3-oxo-4"[2-(cyclohexyl)-ethyI]-8-[[[2-(4- 
piperidinyl)ethyl]methylamino]carbonyl]-lH-l ,4-benzodia2epine-2-acetic acid . 

10. A compound which is : 
15 {R,S)-8-[[[4-(aminomethyl)phenyl]methylamino]-carbonyl]-23,4^^ 
oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; 

(R,S)-23t4.5-ietrahydro-8-[[[2-[l-inethyl-l,2,5,6-tetrahydrop^^ 
yl]ethyl]methylamino]carbonyl]-3-oxo-4-(2-phcnylethyl)-lH-l,4-bcnzodiazepm^^ 

acetic acid; 

20 (R.S)-23,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[4-(piperidin-4-yl)-^ 
butenyl]-lH-l ,4-benzodiazepine-2-acetic acid; 

(R,S)-2.3,4,5-tetrahydro-3-oxo-2-(cyclohexylethyl)-7-[[[2-(piperidin-4- 
yl)ethyl]mcthylainino]carbonyl]-lH-2-benzazepine-4-aceuc acid; and 

(R,S)-23,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-8-[4-(piperidin-4.^^^ 

25 l,4-benzodiazepine-2-acetic acid. 

(R,S>23.4,5-tetrahydro-3-oxo-4-(2-phenylethyl)-7-[[4-(pyrid-4-y^^^^^ 

yl]carbonyl]-lH-l,4-bcnzodiazepine-2-acetic acid; 

(R,S>-2.3,4,5-tetrahydro-3-oxo-7-[[[2-(pipcridin-4- 
yl)eihyl]methylamino]carbonyl]-lH-2-benzazepine-4-acetic acid; 
30 (R.S)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-(pipcridin-4- 
yl)ethyl]methylainino]-carbonyl]-lH-2-bcn2azepine-4-acetic acid; - 

(R.S)-7-[[[2-[(2-amino)pyrid-4-yl]ethyl]methylainino] carbonyl]-2.3,4,5- 
tctrahydro-3-oxo-2-(2-phenylethyl)-lH-2-benzazepine-4-acetic acid; 

7-[l-[4-{piperazin-l-yl)but-l-ynyl]]-2-(2-phenylethyl)-3-oxo-2.3,4»5-ietrahyd^^^ 
35 lH-2-benzazepine-4-acetic acid; 

(R,S)-7-[[[2-(pipericiin-4-yl)ethyl] methylamino]carbonyl]-23,4,5-tetrahydro-2- 
methyl-3-oxo-lH-2-benzazepine-4-acetic acid; 
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(R,S)-7-[[(4-aminomethyl phenyl]meihylamino] carbonyl]-23,4,5-tetrahydro-3- 
oxo-2-(2-phenylethyl)-lH-2-ben2a2epine-4-acetic acid; 

(R,S)-8-[[[4-(N,N-dimethylammomethyl)phenyl] amino]carbonyl]-23,4,5- 
tetrahydro-3-oxo-4-(2-phenyle thyl)- IH- 1 ,4-ben2odiazepme-2-acetic acid; 
5 8-[[[2-(2-amino-pyridin-4-yl)-ethyl]methylamino] carbonyl]-2,3,4.5-tetrahydro-3- 

oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetic acid; or 

(R.S)-7-[(4,4*-bipiperidin- 1 -yl)carbonyl]-2,3.4,5-tetrahydro-3-oxo-4- 
(phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid. 

10 1 h An intermediate compound of the formula: 



0^ 

or 

15 wherein 

EisNorCH, 

R^O is hydrogen ajnijjQ njQjjQ^jj.^y.Qj^jjj^j^ hydroxy or CMalkyl, 
RP is a nitrogen protecting group, 

L2 is CHO, CO2R'. C^C-H , OH. CI, Br, I, CH2-T or NR'R". and 
20 T is CF3SO3, OH. NHR", CI, Br or L 

12. A pharmaceutical composition comprising a compound according to any one of 
claims 1 to 10 and a pharmaccutically acceptable carrier. 

25 13. A compound according to any one of claims 1 to 10 for use in the manufacture of 
a medicamenL 

14. A method of inhibiting platelet aggregation which comprises administering to a 
mammal in need diereof an effective amount of a compound according to any one of 
30 claims 1 to 10. 
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